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TXS320 PRODUCTS AND

DSP APPLICATIONS SEMINAR
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AGENDA

$

IHTRODUCTIOH

SECONDGEItERATIOH320 (320CZ5)

FIRSTGEHERATIOIi320 (320C18)

BREAK

THIRDGEIIERATIOH32@ (328C31#)

= TOOLS

•" = APPLICATIOtIS
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]HE DSP ENVIBONNENT: DEFINITIONS

ANALOGSIg,LW. LOIP_
F]].TER

i|

, FILIB

• LPF: LIMITS THE SIGNAL BANDWIDTH TO ELIMINATE

ALIASIN8 DISTORTION

• A/D: SAMPLESAND OUANTIZESSIGNAL

• DSP: PROCESSES THE SIGNAL USING NUMERICAL TECHNIQUES

TO EXTRACT INFORMATION, OR TO GENERATE CONTROL

COMMANDS

• D/A: CONVERTSDIGITAL SIGNALS TO ANALOG VALUES

• LPF: SMOOTHS THE 'STAIRCASE' WAVEFORM OUTPUT FROM

THE D/A

Selinar _C-fO0

IIO--Z-51



DSP APPLICATIONCHARACTERISTICS

APPLICATION REQUIREMENT PROCESSORATTRIBUTES

REAL-TIME PROCESSING -'----->HIGH SPEED. HIGH THROUGHPUT

LARGE ARRAY OF DATA ------)INSTRUCTIONS TO MOVE AND

PROCESSLARGE DATA ARRAYS

ALGORITHM INTENSIVE •-------)FASTNATHMATICAL COMPUTATIONS.

SINGLE CYLCE DSP OPERATIONS (MACD)

SYSTEM FLEXIBILITY •-----)GENERAL PURPOSE PROGRAMMABILITY.

EPROM. MC/MP MODE

TW_ _zin_ IITC-JO0

T
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APPROACH

BIT SLICE

DSP

CUSTOM CHIPS

GENERAL PURPOSE
uPROCESSORS

GENERAL-PURPOSE

DSP PROCESSORS

_ THS320,T,eziur

INPLENENTATION

ADVANTAGE

• IW_kAE IIJLIIR.IB

• LOi[STI_OOUCTION
COST

• O_INE9R_FOPK_CE

• _ TO_sIm
IIIllt I

• L,OIICOm'

O ImI1)GP,,AJIGIa,E
• _ TOOESI614

IglTH| PAOGRAX

• LO,COSt
• FAST
• I,LI,FIOI,t,AE IIJLTIPLIB

• HOTA.I_LI_HON LI_TEO

APPROACHES

DISADVANTAGE

• m_ I_,OPClXlet/l_Oli_U'
COST

• Cal_ otSXUllI
IIIJ:'FICUI,,I'TO

• _T Ht6_,-VIL_
AI_I.ICATImmY

• Ht6e llOlnll._-r

• m_ _s

• NO_AJ[ ILTIR.IB

• =.0vsm_
• NOSI_CI_O_ F'IK'tIOPlS

IITC-iO0

{IO'-HI

O_QINAL PAGE Ig
oF Imolv _._.n,v,



r |mm i

J

_,,, i I| I lUre• i i

TNS320 DSP FAMILY

;320 FAMILY

SOF'i E7
COMPATIBILITY

FF.ATUBES

• FAST CYCLE TIME

• HARDWAREMULTIPLIER

WITH 32-BIT PRECISION

• GENERAL-PURPOSE

FEATURES

• DSP SPECIFIC FEATURES

• SOFTWARE COMPATIBILITY

TO PROTECT YOUR

INVESTMENT

• LONG-TERM TI

COMMITMENT TO GROW

THE FAMILY WITH YOUR

REOUIREMENTS

mc-too



AGENDA

$

$

INTRODUCTION

SECOHDGENERATION32B (328CZ5)

FIRSTGENERATION328 (320C18)

$

IREAK

THIRDGEHERATIOH32g (32gC38)

= TOOLS

APPLICATIOHS
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TI45320C25KEYFEATURES

i |

Jztll mill

I_TAW OATk/PI_IWI

41[z l| PI_ IIOU

ZLMITr_e.JJ/kCC

,--- _ TNS3_,_[nr

OATA

• JO0 nS INSTRUCTION CYCLETIME

• t2BK-WORDSTOTAL MENORYSPACE

• THREEPARALLELSHIFTERS

• J33 GENERALPURPOSEAND

DSP INSTRUCTIONS

ttt

• S/W UPWARDCOMPATIBLEWITH

PREVIOUSFAMILY MEMBERS

• J.Buz CMOS; 6B-PIN PLCC / PGA
Ue-3,..1

IITC-IO0
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TNS320C25GENERALPURPOSEFEATURES

• COMPREHENSIVEINSTRUCTIONSET -

J33 INSTRUCTIONSINCLUOING

- NUMERICAL (34)- LOGICAL (15)
- MEMORYMANAGEMENT(33)
- BRANCHES(20)
- PROGRAM/NODECONTROL(3J)

• EXTENDED-PRECISIONARITHMETIC

• SERIAL PORT (DOUBLEBUFFERED.STATIC)

• NULTIPROCESSORINTERFACES

I oumn! ! (CONCURRENTDNA, GLOBALDATA NENORYJ
I i

• BLOCKMOVES (UP TO tO N NORDS/SEC)

• ON-CHIP TIMER

• THREEEXTERNALNASKABLEINTERRUPTS

• PONERDOWNNODE

TNS320Sni_ IIR-iN
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]NS320C25 SPECIALPURPOSEFEATURES

_'_ • SINGLE-CYCLEMULTIPLY/

ACCUMULATE

• MULTIPLY/ACCUMULATEUSING

l EXTERNALPROGRAMMEMORY

• REPEATINSTRUCTION

• 0-t6 BIT SCALING SHIFTER
(SIGNED OR UNSIGNED}

• OVERFLONMANAGEMENT
- SATURATIONNODE
- BRANCHON OVERFLON
- PRODUCTRIGHT SHIFT

• ADAPTIVE FILTERIN6
INSTRUCTIONS

• BIT-REVERSED ADDRESSING

• AUTOMATICDATA-MOVEIN
MEMORY(Z'_

_C-IO0
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TIqS320C25NULT]PLIER

DESIGN 6 OPERATION

• SINGLE CYCLE 16 x ]6-BIT
NULTIPLIER N/32-BIT PRODUCT

• PARALLELNULTIPLY/ACCUNULATE
OPERATIONS

• DUALBUSACCESSFOR SINGLE
CYCLENULTIPLY/ACCUNULATES

• SOUAREANOACCUNULATEFUNCTION

• PRODUCTOUTPUTSH[FTERS

• UNSIGNEDNULTIPLY

IITC-iO0



i | i ,, II

TNS320C25 ALU

DESIGN I; OPERATION

• 32-81T ALU £ ACCUNULATOR

• CARRY BIT FOR (XTENOEO PRECISION

• OVERFLON DETECTION 6 SATURAT|ON

• SIGN EXTENSION OPTION

• 0-[6 BIT PARALLEL SHIFTER

FOR LOkDS ANO ARZTHNETZC OPS

• SHIFTERS ON PROOUCTREGISTER
OUTPUT DATk

• 0-7 BIT PARALLEL SHIFTER

FOR kCCUNULATORSTORES

m¢-loo
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TNS320C25AUXILIARYREGISTERS

(.

n6_o snJnr

DESIGN I_ OPF.RATIGN

• EIGHT AUXILIARY REGISTERS FOR

-_adZZ_EZl]]IQ

- LOIPClIJTDI6

- 11BI_OWYITOI_I_Z

• fB-BIT UNSIGNED

ARITHNETIC UNIT (ARAU)

• AUTO INCREMENT6 DECREMENT

• AUTO INDEXING USING ARO

• REVERSECARRYBIT PROPAGATION

• AUXILIARY REGISTER POINTER
£ POINTER BUFFER (ARP, ARB)

RTC-tO0
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TNS320C25PROGRAHCONTROLREGISTERSG STACK

N _ - Iml|g
IIX31_ H

• EIGHT LEVELS OF

HARDHARESTACK

• SPECIAL FETCH

COUNTERSTORAGE

• INSTRUCTION

REGISTER (IR)

• INSTRUCTION GUEUE

REGISTER (GIR}

• REPEAT COUNTER

me-foe



TNS320C25NENORY-NAPPEDREGISTERS

0 DRR(16) _ RSR(tG)
O.KZN

2 TIN (t6)

oamlnt 4 - INR(6)

5 - GREG(7) • SERIAL PORTRECEIVE/TRANSMIT
STATIC £ DOUBLEBUFFERED

• INTERNAL TIMER REGISTERS

• INTERRUPTMASKREGISTER

• GLOBALMEMORYREGISTER

-- _ _ Seilrkr
RTC-IO0



TNS320C25STATUSREGISTERS

STO I ARP Iovlo!,,],I"'] , °,'
15 14 ¢1 12 It _l | O 7 6 S 4 3 2 1 0

s,,[ ,,,p,fl,cl_x,lci, , ]H"I_SMIXFIFOITXMI_" !

Am m,

OF -

zlrnl-

C -

OV -

-

_J,_IL.I_ I¢_SI'B politrgl IINDII¢_ RI -
,tm_Ilrd

AI_ZLIARfIB;I'Sl'B POI_ _ I¢ -
¢OflZXl r_vzzl

DATAPA_EPOZXrB_ZrF.CT,_IRE,SSII_] Nil -

C_IBJP.tTI_ OFH.OOCtO _T_O¢_

LOBdU.ZNTENZJ_IM,SK IF -

_LUI¢ONJL._TORCkqWILTT FII -

ALUOVE_FtJNlUI' ILATOTD$ZGI(ALJ
F0 -

._TI,NTI011 m -
Slg( (X1T)EI0I(lCr (SIGN(IIT_IOWHO
SIGNDCT06I_

1"NS320Sm_U'

Pim¢1 _IoTf at Io. t,, BI 4 I.B"II
I men)

11ES1/COmlO.11'1BI1 _ C(N_,QF,J.
NOI_W.IZATIM

HOLDKOEI'W,T/NOI_LTf DrlTilUL
_.OJTI_

E21TNGLFLA;PUI

_ri_ limeU_ICO_E
rs_m

K_ F_7 !_ R/t6 m
_e;mlS)

1'!_? Nt:I_BIT nP,AHS
in' 'c:_

RTC-tO0

(tO-H_)
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TNS320C25ON-CHIP NENOFIY

Fnemtpc _TA _ NENOflY ORGANIZATION

• 4K WORDSON-CHIP NASKED ROM

• 544 WORDSON-CHIP DATA RAN

• 256 WORDSON-CHIP RAM
RECONFIGURABLE AS DATA/
PROGRAMMEMORY

• BLOCK TRANSFERS IN MEMORY

• DIRECT, INDIRECT. AND

_aTA BUS

IMMEDIATE ADDRESSING MODES

Uo-3.-411

_ _ Seminar RTC-IO0 _'



TNS320C25INTEgFACETO OFF-CHIP DEVICES

S
3
2
0
C
2
5

ps ---I>
m

DS

R/_
STRB

READY

015-D0

MICROPROCESSOR-LIKEt6-BIT
]NTERFACEOVER k SINGLE BUS

-- MULTIPLEXED FOR PROGRAM,
DATA. OR I/0

NAIT-STATES FOR COIOtUNICATION
NITH SLON MEMORIESOR
PERIPHERALS

JB INPUT/t6 OUTPUTCHANNELS
CAPABLEOF SINGLE-CYCLE I/O

BLOCKMOVESCAPABLEOF MOVING
ONE J6-BIT NORDPER CYCLE

- _C-iM •



"1'MS320C25MEMORYINTERFACEREOUIREMENTS

ACCESS

TIME

WAIT STATES 32020 320C25

EXAMPLE

DEVICE

TMS320C25

0 85nS 35nS TMS29CJ92-35

J 285nS J35nS

2 485nS 235nS

3 685nS 335nS

TMS320_=inar RTC-]O0

(JO.-,t-lm
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M AO

$

3 MEN

2 WE

0

C 015-
1 DO
5

k

|st GQn -20 MHz

SRAM (4Kx4)

PROM (2Kx8)

EPROM(8Kx8)

(8KxB)

! i>
D
D

PROM

EPROM

_AM

I

ACCQ. Tlme VQndor

70 ns

45 ns

70 ns

70 ns

INMOS

Texom lnmtruments

WaFer 5C01Q lntQgrotlon

VoFer 5C01Q lntQgrotlon

TNS320C]O/CI5

DIRECT MEMORY

EXPANSION

PIN

IMSI420N-70

TBP381.165-45

WS57C49-70

WS57C64F-70

Ist Can -25 MHz

SRAM (4Kx4)

PROM (2Kx81

EPROM(2KxS)

55 ns

45 ns

50 ns

INMOS

TexasInstruments

Texas Instruments

IMSI423M-55

TBP381.165-45

TBP27C292-50 (10-4-5)

( _ ( l I ( l ( I ( ( ( ! I l I l I
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TH5320C25

TMS320C25

PS
R/f

All-
AO

015-
DO

]NTERFACE TO STAT] C RAH/PROX

_4

I
I

SRAN
T
g

CS S
f 1

4
2
1

',,r

2nd Gon - 20 MHz

SRAX (4Kx4)

PROM (2Kx8)

EPROM(8Kx8)

(8Kx8)

ACCESSTIME

50 ns

45 ns

?0 ns

70 ns

VENDOR

INMOS

TexasInst_wnts

ValetScoIQ Inte9rotion

refer Scale Inte_atlon

PIN

1MS1421-50

TBP38LI65-45

VSS?C64F-?O

VS6?C64F-70

2nd Gen-40 MHz

SRAM (4Kx4)

PROM (2KxS)

EPROM(2KxS)

25 ns

35 ns

b5 ns

Cypress
Texas ]nstruunt, s

TQxas]nst.ruNnt.s

CY7C169-25

TBP38LI65-35

TMS27C292-35
(10-4-11)



TNS320C25ADDRESSINGNODES

• INNEDIATE ADDRESSING

- BOTH LONG ANDSHORTCONSTANTS
- EXAMPLES:

ADOK §

ADLK >1325

• DIRECT ADDRESSING

IrogPmumnd'y

SANE AS TMS320C]OBUT DP IS 9 BITS oP _t_ti,n

i 5'2'BANKS' OF'2BWORDSUSED OFTEN FOR LONGSE,UENCES
OF IN-LINECODE

• INDIRECT ADDRESSING

- B AUXILIARY REGISTERS
- USED OFTEN IN PROGRAMLOOPS WITH AUTO INC/DEC
- MOREOPTIONS THANWITH TMS320CJO

Seztnr IITC-iO0



TNS320C25INDIRECT ADORESSINGOPTIONS

OP u [. NARP]

OP .+ [. NARP]

OP i- [. NARP]

DP .0+ [. NARP]

OP .0- [. NARP]

OP mBRO+L NARP]

OP mBRO-[. NARP]

NO CHANGETO CURRENTAR

CURRENTAR IS INCREMENTED

CURRENTAR IS DECRENENTED

ARO IS ADDEDTO CURRENTAR

ARO IS SUBTRACTEDFRON
CURRENTAR

ARO IS ADDEDTO CURRENT
AR (N/REVERSECARRYPROPAGATION}

ARO IS SUBTRACTEDFRON
CURRENTAR (N/REVERSE CARRY
PROPAGATION}

%..m _ TN5320Seminar
IITC-iO0



TNS320C25ALU - LOADINSTRUCTIONS

LAC

LACT

LACK

LALK

ZAC

ZALH

ZALR

Load ACCw/sh[ft

Load ACCw/sh[ft

spec[fted by T-register

Load ACC

Load ACC

Zero ACC

Zero ACC G ]oad high

Zero ACCG load high
u/rounding

w/short constant

w/long constant

ZALS - Zero ACCG ]oad ]oH
u/o sign extension

_C-I00
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"1"NS320C25kLO - STOREINSTRUCTIONS

SACH

SkCL

Store ACC high ./shift

Store ACC ]o../shift

RTC-iO0

LlO-HI)



TNS320C25 ALU - LOG]CkL ]NS]RUCT]ONS

_--_ 11ls3_senirar

ANO

kNDK

OR

ORK

XOR

XORK

CMPL

AND ACC./t6-btL data

AND ACC w/long constant.
w/shtft

OR ACCw/i6-bit data

OR ACC w/long constant.
N/shift

Exc]us|ve-OR ACC
w/i6-bit data

Exclusive-OR kCC

w/long constant, z/shilL

Comp]elent ACC

RTC-JO0



"1"WS320C25ALU- SHIFT INSTRUCTIONS

Seltnar

NORM

ROL

ROR

SFL

SFR

Normalize ACC

l-bit conditional left shift

Rotate Ace left t bit

Rotate ACC rtght! btt

Sh[ft ACC ]eft !b[t

Shift Ace Ptght t bit

IUC-IOO
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TH5320C25 ALU ARTTHHETTCINSTRUCTIONS]

ADD

ADDC

ADDH

ADDS

ADDT

ADDK

ADLK

Add to ACC u/shift

Add to ACC ]or v/carry

Add to ACC high

Add to ACC Joy

w/o sign extension

Add to ACC z/shift

specified by T-register

Add short constant to ACC

Add ]ong constant to ACC

lilt-too



TNS320C25ALU - ARITHNETZCINSTRUCTIONSII

¢o,_[1_ _o,.[lzl

TIIS3_OSemlnzr

SUB

SUBB

SUBH

SUBS

SUBT

SUBK

SBLK

SUBC

Subtract from ACC ./shift

Sub from ACC ]o. v/borno.

Subtract from ACC high

Subtract from ACC low

w/o sign extension

Subtract from kCC w/shift

specified by T-register

Sub short constant from ACC

Sub long constant from ACC

Conditional subtract

I_C-iO0
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TNS320C25 ALU ARITHNETXCINSTRUCTIONS]]X

ABS

NEG

Absolute value of ACC

NegaLe ACC

mC-lO0



f TN5320C25 - P-REGISTER]NSTliUCTIONS

iCOn(iS] ACO.(Z6)J

PAC

APAC

SPAC

LPH

SPH

SPL

Load ACC w/P-register

Add P-Reg to ACC

Subtract P-Reg from ACC

Load P-Reg high

Stone P-Reg high

Stone P-Reg ]o.

_ _ Seminar
RTC-IO0



THS320C25 - T-REGISTER INSTRUCTIONS

LT

LTP

LTA

LTS

LTD

Load T-Reg

Load T-Reg G move P-Re9
to ACC

Load T-Reg G add P-Reg
to ACC

Load T-Reg G subtract
P-Reg from ACC

Load T-Reg, add P-Reg
to ACC, G move data
to next memory location

RTC-iO0
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TNS320C25- NULTIPLY INSTFIUCTIONS!

NPY

NPYK

NPYU

NPYA

MPYS

Nu]tip]y T-Reg w/data

NPY T-Reg w/J3-bit constant

NPY T-Reg w/unsigned data

NPY T-Reg w/data 8 add
past P-Reg to ACC

NPY T-Reg w/data 8 subtnact
past P-Reg fnom ACC

RTC-IO0
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- MULTIPLYINSTRUCTIONSII

_'eqbp_

TNS320C25

MAC

NACD

S_RA

SGRS

MPY data memory . program
memory G add past P-Reg
to ACC

HPY data memory _ program

memory, add past P-Reg to

ACe. 8 move data memory

Square data memory value
G add past P-Reg to ACC

Square data memory value
G sub past P-Reg from ACC

I_C-IO0

li_l,,-60}



TNS320C25

Piz3m_,_i J5

AUXILIARY REGISTERINSTRUCTIONS

LAR Load aux-reg ./data

LARK Load AR ./e-bit constant

LRLK Load AR ./J6-bit constant

NAR Nodify auxiliary register

SAR Store auxiliary register

ADRK Add 8-bit constant to AR

SBRK Sub 8-bit constant frol AR

LARP Load auxiliary register
pointer

IITC-JO0

IJO-HlJ
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TNS320C25- NENORYNOVE]NSTRUCTIONS

FIB _ IktTA

DHOV Data move in data sam

BLKD Block move from data
men to data nee

BLKP Block move from program
see to data nee

TBLR Tab]e read from program
men to data men

TBLN Tab)e write to program
men from data men



TNS320C25- BRANCHINSTRUCTIONS

Ix le

B

BACC

Bcnd

CALL

CALA

_ RET

Branch immediate.
unconditional

Branch by Arc

Branch conditiona:

Call immediate

Call by ACC

Return from

interrupt or
subroutine

RTC-iO0

[Jo-3-U



TMS320C25- COND]T]ONkLBRANCHINSTRUCTIONS

BGZ - BRANCHON ACC > 0 BGEZ

BZ - BRANCHON ACC - 0 BNZ

BLZ - BRANCHON ACC < 0 BLEZ

- BRANCHON ACC >- 0

- BRANCHON ACC <> 0

- BRANCHON ACC <- 0

BC

BV

- BRANCHON CARRY

- BRANCHON OVERFLOM

BNC - BRANCHON NO CARRY

BNV - BRANCHON NO OVERFLON

BBZ - BRANCHIF TC " 0 BBNZ - BRANCHIF TC <> 0

BANZ - BRANCHON AUX[L[ARY REG]STERNOT ZERO

BIOZ - BRANCHON BIO - 0

T1_320Selinar m'c-foo
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TNS320C25- STACK]NSTAUCTIONS

Ja (l_ PFC_1

lo momM _{5ll
• oR_ Ius

POP

POPD

PSHD

PUSH

Pop to ]ow ACC

Pop to data mem

Push data mem

Push ]o. ACC

RTC-JO0

UO-H_
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_t15320C25 - HIGHERPERFORIIkNCE/iT LESS CODESPACE

Yn • _l)k X [n-k)

k=O

,Telinat IITC-IO0
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I

fiGEflDA
I ....

, IHTRODUCTIOH

, SECOHDGEltERATIOH320 (3ZOCZ5)

FIRSTGEIIERATIOH32@ (320C18)

BREAK

, THIRDGEHERATIOH320 (320C30)

TOOLS

• , APPLICATIOHS
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TNS320CtOKEY FEATURES

,_v E

j44 x tit OATANil
DATA

• 160/200-NS INSTRUCTION CYCLE

• EXTERNAL AENORY EXPANSION TO

4K NOROS AT FULL SPEED

• 60 GENERAL PURPOSE AND

ARITHMETIC INSTRUCTIONS

• POWER DISSIPATION: J65 |N

• 2 Ul CMOS; 40-PIN DIP. 44-PIN

PLCC

sezinar RIC-iO0



TNS320CtO GENERAL-PURPOSEFEATURES

,L
I x.x,, i

NO

I SETBITO 1

• 60 INSTRUCTIONS INCLUDING:

- SIMPLE BUT POWERFUL

ADDRESSING MODES

- FULL SET OF BRANCH

INSTRUCTIONS

- LOGICAL OPERATIONS FOR

BIT TEST

• BIT EXTRACTION VIA SHIFTERS

• MULTIPLE SYSTEM CONFIGURATION

INCLUDING STANDALONE

_minar

1J0-3-.6)
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I I II I I i i ii

THS320CtOSPECIAL-PURPOSEFEATURES

Xi

• FAST 16X16 HARDWARE MULTIPLIER (160/200NS)

• ACCUMULATOR SATURATION NODE

• OVERFLOW FLAG

• AUTOMATIC DATA MOVEMENT

• EXTERNAL BIT TEST AND BRANCH (SAMPLINGCLOCK)

• 0-16 BIT SCALING SHIFTER
IIH.-71



TNS32(ICJOHIGH-SP[_EDABCHIIECTUBE

• ADVANCED HARVARD
ARCHITECTURE

- SEPARATE DATA/PROGRAM
BUSES

( PROGR_._US -"PARALLEL" INSTRUCTIONFETCH. OPERAND FETCH.
EXECUTE

DATA BUS ; - FAST CYCLE TIME

( _ _ , PARALLEL MULTIPLIER

MULTIPLIER ALU/ RAM I .MULTIPLESHIFTERS
SHIFTERS ,CCUMULATOR I

I AUTOMATIC INCREMENTING/

DECREMENTING REGISTERS

(IO-H_r'te

_--_ TI6320 Selinar me-to0 J



TMS32010FUNCTIONALDIAGRAM

I

ITACK _ ||Ir_IIlliI

• 11|

ImOGnAU DII-D0

II 1|

li

I ADDRESS i
DATA RAM
II14 I 1||

i DA,, I

p

18



TNS320CJOINTERRUPTS

• HARDWAREAND SOFTWAREINTERRUPTAVAILABLE

lt63L=OClO

m

I]O
q

m

HARDWAREINTERRUPT

- NASKABLE

- PULSEDOR LEVEL

- UPONGRANT. INTERRUPTSAUTOWATICALLY
DISABLED

- HARDWAREPROTECTIONAGAINST INTERRUPT
DURING NULTICYCLE INSTRUCTIONS

- SPECIAL PROTECTION

SOFTWAREINTERRUPT

- BIO=O DETECTEDBY BIOZ INSTRUCTION

- SUITABLE FOR I/O CONTROL

- SYNCHRONIZATIONFOR NULTIPROCESSING



_

1"WS320C",0PIN CONFIGURAIION

CLKOUT

I

vss

TNS320CtO

---4> MEN
,m_mmmm,

DEN
Immmm.

WE

RIC-]O0
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INS320Ct5/Et5 KEY FEATURES

• tOOZ OBJECTCODE/PLUG-IN
COMPATIBLEWITH TNS320CtO

• 160/200-NS INSTRUCTION CYCLE

• EXPANDEDON-CHIP RAN/RON

• MASKEDRONOR EPRONVERSION

• 2U CMOSTECHNOLOGY
40 PIN DIP & 44 PIN PLCC

DEVICE

320C15
320E15

RAN

256
256

RON

4K

EPRON

4K

_- _ 1'16320Seej_r
IitC-IO0

I



TNS320Ct7/Et7 KEY FEATURES

IIilIIIIIIlIIIIIllilIIlIlIillIIlIIILU_

111111I!!! 1111l

RoM/ep,o, wIll,it_ Ill
Illilllllllllllilll[lllllilllll]illlllllll

• ]00% OBJECTCODE/PLUG-IN
CONPATIBLENITH TNS320C50

• 160/200-NS INSTRUCTIONCYCLE

• EXPANDEDON-CHIP RAN/RON

• NASKEDRONOR EPROMVERSION

• 2u CNOSTECHNOLOGY
40 PIN DIP G 44 PIN PLCC

DEVICE RAN RON EPRON SERIAL I/O COPROCI/F

320Ct7 256 4K - 2 YES
320EJ7 256 - 4K 2 YES

TNS3_Setiinar RlC-tO0
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PROE;I:IANNINGTHE TNS320EJ5/EJ7EPRONCELL

FEATURES

• 4K X 16 INDUSTRY STANDARDEPRON (TNS27C64)
FOR PROTOTYPING AND EARLY FIELD TESTING

• EPROM ADAPTOR SOCKET PROVIDES 40-PIN TO

2B-PIN CONVERSION (PART # RTC/PGN320A-06}

• EPROM INCLUDES SECURITY FEATURE FOR

CODE PROTECTION

TIE_O ,_linr IgC-]O0

{I0-3-211
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TIE3_010
i i

11E320t0.-25

SUMMARY

11632010-|4 _ It0S

.,i i i

i • i i i ml i

- ]ST GENERATIONTMS320

mt_z!
J

20

Z5
i i

14

20

20

25

m6-O'tlP
PROQD

ftmnos)

J.l

i

'tlE32_Ct5 _0 g

116.!Q_.$5 2u _t0S N

TN_Ci7

T_320Ct7-_ _5

i'O

2u(X_

2ufX_Tr_3_E_7

_OQ g'ml

m

m

m

m

,J
m

m

4(

_m_

41(

_TA fWf

flmnoSl
i ,

IM

10

I0

I_.IAL

P_tT

m

m

m

2

m

m

m

m

m

2

2

TDO

m

m

m

!

m

m

m

m

m

mx_

m

m

m

m

m

n

m

YB

Y_

YES

Seminr RTC-I0O

w

%



TNS320CtO ]NSTFIUCTIONSET CHkRACTERISTICS

• A TOTAL OF 60 INSTRUCTIONS INCLUDING NUMERICAL.

LOGICAL, BRANCHES,AND CONTROLINSTRUCTIONS

JR-BIT INSTRUCTION NORD - MAJORITY OF INSTRUCTIONS

ARE SINGLE NORD. ONLY BRANCH INSTRUCTIONS ARE TNO

NORDS

MAJORITYOF INSTRUCTIONSCAN BE EXECUTEDIN A SINGLE

MACHINECYCLE - ONLYBRANCHESAND TRANSFERSBETNEEN

MEMORYSPACESREOUIREMULTIPLE CYCLES

• INSTRUCTIONSCAN BE EXECUTEDAT FULL SPEEDFROM

ON-CHIP OR OFF-CHIP PROGRAMMEMORY

T_ Seminar
ITTC-500'
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"[NS320CtOADDRESSINGNODES

IMMEDIATE ADDRESSING

- SHORT CONSTANT (PART OF THE

THE OPERAND

INSTRUCTION) IS

• DIRECT ADDRESSING (OPERAND IN DATA MEMORY)

- DP REGISTER PLUS MEMORYADDRESS IN THE

INSTRUCTION FORMSOPERAND ADDRESS

• INDIRECT ADDRESSING (OPERAND IN DATA MEMORY}

- USES AUXILIARY REGISTER CONTENTS AS OPERAND

ADDRESS
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THS320ClX EXAHPLE SUN OF PROOUCTS

COMPUTE Y = AXI + BX2 + CX3 + DX4

$
\

T (16)

NUI.TIPLIER

P (32)

I
(32) /

i
ALU

$
ACC (32)

l

ZAC ACC=O

LT X1 T:X!

MPY k P=AXI

LTA X2 ACC:AXI:T=X2

MPY B P=BX2

LTA X3 ACC:AXI+BX2:T:X3

MPY C P=CX3

LTA X4 ACC=AXI+BX2+CX3;T=X4

MPY D P=DX4

APAC ACC:AXI+BX2+CX3+DX4

SACH Y1 STORE 32-BIT RESULT

SACL Y2 AT LOCATIONS YI, Y2

(10-3-36)



THS320C]X EXAItPLE FIR FILTER

Y(n) =

! I Z
A

Yl

AX(n-1) + BX(n-2) + CX(n-3) + DX(n-4)

START ]N X], PAO
ZAC

LT X4

NPY D

LTD X3

NPY C

LTD X2

HPY B

LTD X!

HPY k

APAC

SACH Y

OUT Y, PAO

B START

INPUTNEWSANPLE

ACC-DX4s X3 ->X4

ACC-DX4 +CX31 X2 ">x3

ACC*DX4 +CX3 +Bx2m XX ">x2

ACC " OX! + CX3 + BX2 + AX I

(10-3-37)
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TMS32010
i z

TMS320IO-25
• =, i

5UHXAEY ] ST GENERAT] ON TXS320

TMS32010-14
i ,

TMS3201I

ii

TMS320CIO

TMS320C1_25
|1

THS320CI5
u

TMS320CI_25
i

THS320EI5

TMS320CI7
i,

TXS320C17-25

TMS320EI7

SPEED

(HHz)

2u CMOS
i

2u CHOS

20 CMOS

2u CMOS

2u CMOS
i,

2u CMOS

PROCESS

3u NXOS 20

3u NMOS 25
, . ,

3u NXOS 14

3u NHOS 20

2u CMOS 20

2u CMOS 25

20

ON-CHIP

PROGROH

(WORDS)

ON-CHIP

PROGEPROH

(WOROS)

ON-CHIP

DATARAM

(VOROS)

SERIAL

PORT

I.SK --- 144 ---

I. 5K --- 144 ---

1.5K --- 144

I, SK --- 144

i

1.5K --- 144

1.5K --- 144

4K --- 258
dk.

25 4K --- 256

20 --- 4K 256
m,,

4K --- 256

4K --- 256

--- 4K 256

2O

25
i

2O

Q

2

,m, Qw

_eg

!

m i

'1

2

2

2

TIMER

, i

um_ mm_

| --,-

I YES

I YES

I YES

CO-

PROCESSOR

I/F

(10-3-3B)



TNS320 BENCHNAI:IKS
TNS320CIO TNS320C25

64 POINT CONPLEXFFT

RADIX 4. STRAIGHTLINE

256 POINT CONPLEXFFT

RADIX 4. STRAIGHT LINE
RADIX 2, STRAIGHT LINE
RADIX 2, LOOP

1024 POINT CONPLEXFFT

RADIX 4. STRAIGHTLINE
RADIX 2, STRAIGHTLINE

555 us (,)

N/A
N/A

20 us

RADIX 4. LOOP
RADIX 2. LOOP

FIR FILTER TAP

BIOUAD FILTER TAP

LNS ADAPTIVEFILTER TAP

NIA
NIA

(,)

42.3 as (,)
69.4 =s (,)

400 ns

2 us

J.4 us

Lil oLl_ _rces: _ I)SP_l)licetio_ lioot

2J7 us

1.22 us
2.15 as
4.03 as

7.J ms
J5. J as
17.5 is
22.5 ms

t00 ns

| US

0.4 us

(IO-_-[l)

IUC-iOO
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TNS320FAItILY CONPAFIISONNATliIX - ]

FEATURES

ARCHITECTURE

INSTRUCTIONS

DATA SPACE

PROGRANSPACE

DATA RAN

PROGRANRANm.-om_

PROGRANRONIIZ_og_

AUX. REGISTERS

H/N STACK

NULTIPLY

ALU

]ST GENERATION

NODIFIED HARVARD

60

256 x t6

4K x t6

256 x J6

0

4K x 16

2 x J6 bit

4 x J2 bit

J6 x ]6 - 32 bits

32-bit

GENEJ_TION

NOOIFIED HARVARD

J33

64K x J6

64K x J6

544/288 x J6

01256 x 16

4K x t6

8 x J6 bit

8 x J6 bit

J6 x J6 • 32 bits

32-bit

_ T_ Seminar RTC-[O0

UO-HZl



TNS320 FANILY CONPARISONNATRIX- IX

FEATURES [ST 6ENERATZON 2ND GENERATION

ACCUNULATOR

REPEAT?

ON-CHIP TIMER

32-bits

NO

YES

32-bJLs

YES

YES

INTERFACE

EXT. HN INT.

SERIAL PORT

I/O PORTS

DMA INTERFACE

NAIT STATES

GLOBALNEHORY

t

2

6 x 16 bits

NO

NO

NO

3

SYNCH. I/O.
STATIC. DOUBLEBUFFERED

J6 x J6 btts

YES

YES

YES

_min,mr R'rc-Io0
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TNS320 FANILY CONPARISONNATRIX - ]IX

PERFORNANCE 1ST GE]IE_TION L)NDGENERATION

CYCLE TINE

NULTIPLY/ACCUNULATE

RELATIVE PERFORNANCE

INDIRECT ADDRESSING
NODEOPT!ONS

TECHNOLOGY

t60/200 NS

320/400 NS

IX

[NCRENENT/OECRENENT

JO0 NS

JO0 NS

4-6X

INCREMENT/DECRENENT/
INDEXED/BIT REVERSED

F_OCESS

TYPICAL PONER

PACKAGE

t.8u CNOS

J65nN

40-PIN DIP/PLCC

t.8u CHOS

500IN

68-PIN PLCC G PGA

RTC-IO0

LIo.-3,-_I
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NEHORIESFOR
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7gill

6u
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NM

THE THS320
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hf_ ScaleIntegration
.*forScala]ntegratlon
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SN

_u

50u
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AGElil)( 

$

$

$

INTRODUCTION

SECONDGENERATION320 (328C25)

FIRSTGEltERATIOH328 (328C18)

BREAK

THIRDGEHERATIOlt328 (328C38)

TOOLS

APPLICATIOHS

_ i i I I I I I I I I l I I I I I I
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^ HIGH SPEED

FLOATING POINT DSP

FROH

TEXAS INSTRUNENTS

THE

THS320C30



TNS320C30 PRESENTATION OUTLINE

• TMS320 FAMILY MIGRATION PATHS

• TMS320C30 KEY FEATURES.

• TMS320C30 BLOCK DIAGRAM.

• DETAILS OF TMS320C30 ARCHITECTURE.

• TMS320 FAMILY BENCHMARKS.

• TMS320C30 SUPPORT TOOLS.

• TMS320C30 PROGRAM SCHEDULE.

I I I I I I I I I I I I
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TXS320 FAXI LY X] 13RAT] ON PATH

P
E
R

F
0

R
M
^

N

C
E

320C30

TXS320CZx'--
H32020 - ]6-BIT CPU
U 320C25 - IOO-NSCYCLE

,.m' T.._n_. --544 ¥ DATARAN
_Ivjl /M_JLULI X -4K ¥ PROGROX

JlIt!J32010 - I6-BIT CPU -128K ¥ lOT HEN
]i!ilJ32011 - 160-NS]NSTRCYCLE - 16X16-32-BIT NULT
Jl11_]320C10- 256 WDATARAN -SERIAL PORT
[[[1!]320C15- 4K WRON/EPRON -BLOCK NOVE/REPEAT
JlJI.J320EI5- 4K ¥ EXTPROGNEN -XULTIPROCESSORI/F
I!!11J320CI7- 16XIB-32-BIT XUI.T
I[!f:,I320EI7-2 SERIALPORTS
II!!!l -COMPANDINGH/W

li':"1, -COPROCESSOR]/F

THS320C3x
- 32-BIT CPU
- 60-NS INSTRCYCLI
-21( ¥ RAN
-4K if RON
-64 if INSTRCACHE
- 1614¥ TOTMEN
- 32X32=40-BITNULT
-:) SERIALPORTS
- 2 TIMERS
- OXA

1982 1985 ]gB?



TM5320C30 KEY FEATURES

MEMORY

RAN

BLOCKO

IK x 3"2BITS
L

RAN
BLOCK!

IK x 32 BITS

RON
BLOCKO

41(x 32 BITS
i

PROGRAN
CACHE

64 x 32 BITS

CPU

INTEGER/

FLOATINGPOINT

14UI.TIFq..IEN

INTEGER/

FLOATINGPOINT

ALU

B EXTENDEDPRECISION
REGISTERS

iii

ADDRESS ADDRESS
GENERATOR0 GENERATDRI

B AUXILIARYREGISTERS

12 CONTROLREGISTERS

DMA

ADDRESS
GENERATORS

CONTROLREGISTERS

PERIPHERALS

ISERIAL FORT
SERIALPoRTOI!

TIMER0

TIMERl.

• 60 ns SINGLE-CYCLEEXECUTIONTIME, Iu CNOS.

• TWOIK x 32-BIT SINGLE-CYCLEDUAL-ACCESSRANBLOCKS.

• ONE4K x 32-BIT SINGLE-CYCLEDUAL-ACCESSROllBLOCK.

• 64 x 32-BIT INSTRUCTIONCACHE.

• 32-BIT INSTRUCTIONANDDATAWORDS,24-BIT ADDRESSES.

• 32140 BIT FLOATING.POINTANDINTEGERMULTIPLIER.

• 32/40 BIT FLOATING-POINT,INTEGER,ANDLOGICALALU.

• B EXTENDED-PRECISIONREGISTERS.

• TWOADDRESS-GENERATORSWITHB AUXILIARYREGISTERS.

• DMACONTROLLERFORCONCURRENTI/O ANDCPUOPERATION.

• TWOSERIALPORTSANDTWOTINERS.

• HIGH-LEVELLANGUAGESUPPORT.

• INTERLOCKEDINSTRUCTIONSSUPPORTRULTIPROCESSING.

• ZERO-OVERHEADLOOPSANDSINGLE-CYCLEBRANCHES.

• ]76-PIN NICROPROCESSDRVERSION.

• ]O0-PIN NICROCOI4PUTERVERSION.

i + 1 ( i I I I I I I I l I I ( I I I
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1

HOLD f
HOLDA
STRB/ ]

O(3I-O) "_
A(23-0)

.._._RESET C
INT(3-0) -_

lACK(-... N
XF(I-O) ("l t

R
XI 0

X2/CLKIN- L
VCC(7-0) - L
YSS(l O-O)- E

VBBP...:
SUBS(- R

PROGRAM
CACHE

(64 X 32)

RAM

BLOCK0

(IK X 32)

INTEGER/
FLOATINGPOINT

MULTIPLIER

CPU
INTEGER/

FLOATINGPOINT
ALU

z i

g EXTENDEOPRECISION
REGISTERS

kDORESS
GENERATOR0

ADDRESS
GENERATORI

8 AUXILIARYREGISTERS

I2 CONTROLREGISTERS

RAM

BLOCK!

(IK X 32)

ROll
BLOCK0

(4K X 32)

o



TXS320C30 INTEGER FORXATS

0 SHORT INTEGER FORMAT.

]5 D
, RANGE-2z5, ,i,:,15-I

• m

- 16-BIT FORNATUSEDFORINNEDI^TE
SIGNEDORUNSIGNEDINTEGEROPERAI_S

|l - SIGNEDINTEGER

0 SINGLE-PRECISION INTEGER

31

FORMAT.

0
, RANGE -231",i,:;,31-z

- 32-BIT SINGLE'PRECISIONSIGNEDOR
UNSIGNEDINTEGERS

sl - SIGNEDINTEGER

, , , { i I l I I I, I I I I I l I I |
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T#$320C30 FLOATING POINT FORNATS

0 SHORT FLOATING-POINT

15 1211 10 0

I

FORMAT.
HOSTPOSITIVE

LEASTPOSITIVE

LEASTNEGATIVE

HOSTNEGATIVE

2. 5594x10 2

7. 8125x10"3

-7, e163xlO"3

-2. 5600x10 2

0

0

SINGLE-PRECISION FLOATING-POINT FORMAT.

31 24 2322 0

_ eX . man I

39

[

EXTENDED-PRECISION FLOATING-POINT FORMAT.

323130 0

I, man

HOSTPOSITIVE

LEASTPOSITIVE

LEASTNEGATIVE

HOSTNEGATIVE

HOSTPOSITIVE

LEASTPOSITIVE

I LEASTNEGATIVE

HOSTNEGATIVE

3. 4028234x1038

5. 8774717x10"39

-5. B774724xlO-39

-3, 4028236x103B

3. 4028236683x1038

5. 8774717541x10"39

-5. 8774717569x10"39

-3.402823669]x]O 38



TH5320C30 HEHORY SPACE

E
X
T
E
R
N
k
L

N
E
N

P
0
R
T

i BLI]IX

P
k
R
k
L
L
E
L

I
/
0

P
0
R
T

• 16-'NEGAVOROSINGLELOGICAL
NF.NORYSPACE

- PROGRAN
- DATA
- l/O

* TVOlKx3?.BIT ON-CHIPRANBLOCKS

, ONE41(x32BIT ON-CHIPRONBLOCK

, EACHRANORRONBLOCKSUPPORTS
TVOACCESSESPERSINGLECYCLE

• NULT[PLEBUSESSUPPORTSNULTIPLE
PHYSICALADDRESSSPACES

• TABLES,COEFFICIENTS,PROGRANCOOE,
ORDATACANBESTOREDIN RANORRON

PC/IR CPU DHACONT.

, , , _ i I I I I ( I I I I I I



00000000
O00003FH

O000040H

O?FFFFFH

OBOOOOOH
O80IFFFH

0802000H
OBO3FFFH

0804000H
OBO5FFFH

OBO600OH
OBO?FFFH

OBO8OOOH
OBO9?FFH

OBOgBOOH
O809BFFH

0809000H
OBOgFFFH

OBOAOOOH

OFFFFFFH

TNS320C30

INTERRUPTLOCATIONSAND
RESERVED(64)EXT _RB-"ACTIVE

EXTERNAL

STRBACTIVE

____JlO PORT
MSTRBACTIVE(OK)

RESERVED

II0PORT
]IOSTRB"ACTIVE(BK)

RESERVED(BK)

PERIPHERALBUS MEMORYMAPPED

REGISTERS(INTERNAL)(6K)
im

RAM BLOCKO (%K)(INTERNAL)

RAM BLOCKI (IK) (INTERNAL)

EXTERNAL

STRBACTIVE

O000000O
O00003FH
O00004DH
O000FFFH
O00]O00H
07FFFFFH

O8000OOH
O80|FFFH

OBO2OOOH
OBO3FFFH

OBO4OOOH
OBO5FFFH

OBO6OOOH
OBO7FFFH

OOOBOOOH
08097FFH

O809BOOH
O809BFFH

OBOgOOOH
O809FFFH

OBOAOOOH

OFFFFFFH

MEMORY NAP

INTERRUPTLOCATIONSAND

- RESERVED(64)AND 4K ROM -

(INTERNAL)

EXTERNAL

STRBACTIVE

I/OPORT
MSTRBACTIVE(8K)

RESERVED

I/OPORT
I/OST_ACTIVE (BK)

RESERVED(BK)

PERIPHERALBUS MEMORYMAPPED

REGISTERS(INTERNAL)(6K)

RAM BLOCK0 (IK)(INTERNAL)
i

RAM BLOCK] (]K)(INTERNAL)

EXTERNAL

STRBACTIVE

• SINGLELOGICALION-WORD

MEMORYTHAT CONTAINS

PROGRAI¢,DATAANDliD

SPACE

t WENORYNAPCONTAINS

- ALL ON-CHIPNENORY

- ALL ON-CHIPPERIPHERALS

- ALL EXTERNALINTERFACES

• ON-CHIPRONIS ENABLED

IN MICROCOMPUTERNODE

MICROPROCESSORMODE MICROCOMPUTERNODE



/' r- A

TNS320C30 EXTERNAL MEMORYPORT

STRB

A123-0_

P,/V

0(31-0) -

• 32-B[T EXTERNALDATA,24-BIT EXTERNALADI)RESSBUSES

• SUPPORTSSINGLECYCLEACCESSES

• SOFTIIAREPROGRANKAOLEIIA[T STATESPLUSREADYL|_

H
• HOLDLOGICFORTR]-STATINGPORT

• 16 IEGAWORDSTOTALADDRESSSPACE

• NENORY-NAPPEDACCESS
* BANK'SWITCHDETECTION

J _ _ _ i I I I I I I I I I I I I I I
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TNS320C30 PARALLEL ]/0 PORT

Hu_
X ×

X

- IORDY

- IOHOLD

- IOHOLOA

- iDSTRB

- ,s-++_

- ira;+

-- 100(31-0)

- 10A(12-0)

+

• 32-BIT EXTERNALDATA.I3-BITEXTERNALADDRESSBUSES

• SUPPORTSSINGLECYCLEACCESSES

• SOFTWAREPROGRAMMABLEWAITSTATESPLUSREADYLINE

* NEMORY-NAPPEDACCESS

• SUPPORTFORl/O INTERFACES



A

TNS320C30 REGISTER FILE

p

NULTIPLIER ALU

L I , EXTENDED PRECISION REGISTERS

- SUPPORTSOPERATIONSON4HIT FLOATINGPOINTAND

32-BIT INTEGERNUIIOERS

, AUXILIARY REGISTER ARITHMETIC

UNITS (^RAUD AND ^RAUI)

- CANGENERATETWOADORESSESIN ONECYCLE

- OPERATEIN PARALLELWITHTHEIIULTIPLIERANDALU

- SUPPORTDISPLACENENTSANDINOEXESFORLINEAR,

CIRCULAR,ANDBIT-REVERSEDADDRESSING

* CONTROL REGISTERS

- STACKPOINTER

- INTERRUPTNkSkANDFLAGS

- BLOCKREPEATREGISTERS

- STATUSREGISTER

- INDEXREGISTERS

t _ J J I I I I I I I I I I I I ! I



THS320C30 ^LU FEATURES

il

MUX

P

I
I

1

NULTIPLIER

REGISTERFILE

41,

t

41'

41"

SINGLE CYCLE ALU OPERATIONS

FLOATING POINT OPERATIONS

-(B-B|T EXP. 32 BIT NAIO,,./-(B-B]T EXP, 32-B]T NAN)

• (B-BIT EXP. 32-BIT NAN)

-AUTONAT|CHANDLINGOF NANTZSSAOVERFLOW

-FLAG SETONEXPONENTOVERFLOV

INTEOER OPERATIONS

- 32-BIT INTEGEROPERATIONS

- FLAGSETONOVERFLOW

LOG1CAL OPERATIONS

- 32-B] T LOG] CALOPERAT] ONS

BARREL SHIFTER

- SHIFTSUP TO32-BIT RIGHTORLEFT



TX',1320C30MULTIPLIER FEATURES

^LU

BARREL
SHIFTER

REGISTERFILE

, SINGLE

, FLOAT ING

- (B-BIT EXP,

41,

CYCLE MUL TIPLICATIONS

POINT OPERAT IONS

24 BIT _ x (B-BIT EXP. 24-BIT NAN)

- (B-BIT EXP, 3Z-BIT NAN)

-AUTONATICHANDLINGOFNANTISSAOVERFLOV

-FLAG SETONEXPONENTOVERFLOW

INTEGER OPERAT IONS

- (24-BITIND x (24-81IIND --_,(32-BITIND

- FLAGSETONOVERFLOW

' , i I I | I I I I l I I I
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TN5320C30 INSTRUCTION CACHE FEATURES

E
X
T
E
R
N
A
L

N

E
14

P
0
R
T

RAN RAN RON
BLOCK0 BLOCK! BLOCK
(]Kx32) (]Kx32) (4Kx32)

P
k

R
A
L
L
E
L

l
/
0

P
0
R
T

• 64 X 32-t3]T GENERALPURPOSE
INSTRUCTIONCACHE.

• 11103Z-WORDSEGNENTSUPDATEDON
A LEAST-RECENTLYUSEDBASIS

• USERCONTROLFUNCT]ONSI

- CACHEDISABLE
- CACHEFREEZE
- CACHECLEAR

PC/JR CPU ONACONT.



TNS320C30 I]NACONTROLLER

GLOBALCONTROL

REGISTER

SOURCEAOORESS

REG%STER

DEST]NAT]ONADDRESS

REGISTER

TRANSFERCOUNTER

REGISTER

)<
×
×
×
)<
×

×

×
x
×

x_x

, ON-CHIPDNACONTROLLERFORCONCURRENT]/0

, ANYS[ZE DATATRANSFERSANDDATARATES

, NENORYTONENORYTRANSFERS

• CYCLE-STEALTRANSFERNODE

• FIVE NENORY-NkPPEDREGISTERSFORONACONTROLs

- CONTROLANDINTERRUPTNASKREGISTERS

- SOURCEADDRESS

- DESTINAT|ONADDRESS

- TRANSFERCOUNTER

, PROGRANNAOLE]NCRENENTINGORDECRENENTINGOF

AODRESSES

• PROGRANNAOLE|/0 SYNCHRONIZATION
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THS320C30 PERIPHERAL BUS

• DEDICATEDINTERNALADDRESSANODATABUSESFORPERIPHERALS

• CURRENTPERIPHERALFUNCTIONSINCLUDEn

- DIRECTNENORYACCESSCONTROLLER

- TWOSERIALPORTS

- TWOTIXERS

- EXTERNALNENORYINTERFACECONTROL

- PARALLEL]/0 PORTCONTROL
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,_o.

THS320C30 TIHER HODULES

GLOBALCONTROL

REGISTER

PERIODREGISTER

TIllER REGISTER

GLOBALCONTROL

REGISTER

PERIODREGISTER

TIHERREGISTER

TCLKO

TCLKI

* TWOSEPARATE,IHDEPEHOANTTIHERS/COUNTERS

• HEHORY-HAPPEDREGISTERSFOREACHTIHER,

- TIHERCONTROL

- PERIODREGISTER

- COUHTER

• ONEI/O PIN PROGRAHHABLEASCLOCKINPUTOR
STATUSOUTPUT

• 32-9IT COUNTER- HAXIHIJHCLOCKIHG• f(CLKOUT)/2

• INTERNALOREXTERNALCLOCKSOURCE

• PROGRAI414ABLERESET,COUNTERENABLE.AND
OUTPUTCONTROl.
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THS320C30 SERlAL PORTS

V

GLOBALCONTROL
REGISTER

CLOCKDIVIDE
REGISTER

TRANSMITREGISTER

RECEIVEREGISTER

GLOBALCONTROL
REGISTER

CLOCKDIVIDE
REGISTER

TRANSMITREGISTER

RECEIVEREGISTER

FSXO

OXO

CLKO

FSRO

DRO

CLKRO

FSXI

OXl

CLKI

FSRI

ORI

CLKRI

• TVOSEPARATE.INDEPENOENTPORTNOOULES

• 8. 16. 24 AND32-9IT VOROLENGTHS

• HENORYNAPPEDREGISTERSFOREACHNOOULE

- CONTROL,TRANSNITANDRECEIVEBUFFER,CLOCKPERIOD

• PROGRAI4NABLEINTERNALOREXTERNALCLOCKSOURCE

• FIXEDORVARIABLEDATARATESUPPORT

• HANDSHAKEMODEFORZERO.GLUEINTERCONECT

• SIX EXTERNALPINS PERNOOULEI

- TRANSNITANDRECEIVEDATA,FRANESYNCAND
CLOCKPINS

• NAXII4UNCLOCKFREOUENCY- f'(CLKOUT)/2

• NAXII4UNTRANSFERRATE> BI4HZ

• DOUBLEBUFFEREDTRANSMITTERANDRECEIVER
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TNS32Ofi30 PI PEL] NE

CYCLE

I 1 2 3 4 5 6 7

T 2 FETCH DECODE READ EXECUTE

FETCH DECODE READ EXECUTE

C 4 FETCH DECODE| READ EXECUTE
T,5 I FETc. o_coo_lR_^o
0
N

PIPELINE SEQUENCE

CORRECT EXECUTION

HANDLED TO

SEQUENCE

GUARANTEE

, "DELAYED" BRANCHES ALLOWED

r _ _ i I I i I I I I I I I I
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TNS320C30 ADDRESSINGNODES

NODE EXANPLE

REGISTER ^DDF RO, R]

DIRECT

SHORT INHEDIATE

^DDF ION&. RJ

^DDF .3.!4, RJ



THS320E30 ADDRESSING HDDES

LONG

PC

NODE EXANPLE
nln

INNEDIATE

RELATIVE

B ADDR

BV LABEL
(ASSEMBLERWILL CALCULATEDISPLACENENT)

_ I g ! I I I I I i I I I
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TMS320C30 INDIRECT ADDRESSING NODES

MODE EXAMPLE

INDIRECT

PRE

ADDF *+ARI (15). RI

*+ARO (di)
*-^R4 (di)

PRE WITH UPD^TE

i i i

POST WITH UPDATE

CIRCULAR

*++^R7 (di)
*--^RI (di)

*AR3++ (di)
*AR4-- (di)

*AR5++ (di) Z
*AR6-- (di) Z

BIT REVERSAL

i

*^R2++ (IRD)B

('di' CANBEk DISPL^CENENTORAN INDEXREGISTER(IRO OR IR]))



TMS320C30 TVO-OPERAND]NSTRUCT]ONS

ARn+dlmp _

immediate meuony

I ]
ALU_Y

ndirQct

i I I

1m.x - I ,,i
1 I I

mQm_y direct

ADDF RO. RI , REGISTERNODE

HPYF 2.72, R7 , [1414ED[ATEHOOE

AND *^NO, R2 , INDIRECTNODE

ADDC OXLOV, ^R! _OIRECTMOOE

, i i I I I I I I I I I I I
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THS320C30 THREE-OPERANI] 1NSTI_UCT10NS

_' I l

ARn_disp

IRn__

4 ' 'iStQr _ Indiroct
, i

ARm+disp i

iRm_ I i

i_R_,is,or,lmommy inditer

'i

I

I
I

I i
ALU/_Y

i i m L

IR.,,.,,.",]

/
SUBF3 R[], RI, R2 ,REGISTERAND

m REGISTER

SUBF mAR2,RI,R2 _ ]No]m[CT_Ue
m REGISTER

AN[IN R[], *AR3, R4 I REGISTERAND

m IHDI_CT

AN[IN3 *AR2, *AR3, R1 m IHDI_CT AND

m IHDIRECT



!

T14S320C30ALUIRPY ItlSTRUETIOtiS¥ITH STORE

I I

A_+disp --t>"_
IRn

L

amm_ Indlroct,

ALU/HPY

Register i

ARm+dlsp"l_I ':I
I

IRm = =
I ]

mQmory IndirQct

Z_

I I
I I

I I
I I

HPYF
STF

AND

STI

RO, tARO+÷. R2
R3, *ARI--

! HPYF IN

m PARALLEL

m WITH STF

R2, *AR2++ (IRO), R3, ANnIN
R3, *ARI--(IRI) , PARALLEL

s VITH STI

, , i I l I I I I I I I I
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TNS3213C30PARALLEL ADD AND HPY iNSTRUCTiONS

P

ARn+dlsp___1
IRn

I
IR.j,.t_ nIR[_l,_ .] .wy lndlr,ct

[ "

A_ I (F)/SUBI (F)

Register

I I I

, ,,,, I
I I I

mQmonyIndlrQct

_YI (F)

Register
i

HPYF *Am..ARI++,RO , _YF

II AODFRO,RI,R2 IIN PARALLELWITH _J]l]

SUBF_ 112.R2 jSUBI
II HYPF._I++,.AR2--,RIsIN PARALLELWITH HPY

MPYI.kRI, RO,RI

11 ADD] .ARZ,RZ,R3

|_YI

fiN PARALLELWITHAI]I]
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TES320E30 FAM]LY BENCHMARKS

,,L

DSP APPL] CATIONS

FIR FILTER TAP

LMS ADAPTIVE FIR FILTER TAP

BI-QUAD FILTER ELEMENT (FIVE MULTIPLES)

TIMING

60 NS

IBO NS

360 NS

FFT TIMING RADIX-2 (REAL)
l lm

RADIX-4 (CMPLX)

NUWBER

OF

POINTS

64 0.075 ms 0.123ms

256 0.354 ms

1024 1.670 ms

, _ f _ ( I I I I I I I I I 1 I I I I
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TMS320C30 DEVELOPMENT TOOLS

SOFTIfkREDESIGNTOOLS (_ > HARDWAREDESIGNTOOLS

,, , TMS320 APPLICATIONS
_" I TRANSLATOR LIBRARY

-* 1IASS,EN"LER o
_/OBJECT CODE

0oiI_ i' LINKER

_ ,_ OOWNLOAO"LII_EO"OBJECTCODE>

SIHULATOR SWDS

SOFTWARE
DEVELOPMENT
SYSTEN

ODD

XDS

EXTENDED

DEVELOPNENT
SYSTEN

TARGET

(10-6-2)



C"

fiGEttDA
..

$

$

IHTRODUCTIOH

SECONDGENERATION32g (320C25)

FIRSTGENERATION12@(32gC18)

I: BREAK

THIRDGEHERATIOH328 (32BC38)

TOOLS

APPLICATIOHS

, _ _ I I 1 i I t I I I I I I I



TNS320DEVELOPNENTTOOLS

DFDP APPLICATIONS ! I xu5 lip"

_, _ • I L]BRARY ______..__ ['r_L_T_J

IASSEMBLER _ ' i /l---]-_l _Z'_L-O_e_T- "

,4,'
IDILOAD 'L_' OBJECTCOOE

rio-H)TNS3_ Seminar RlC-l_ J

SZNULkTOR SWDS rrSTB ]XTZ_'_
BOkRD
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TlIS320 HACROASSEIIBLERILINKER

0 MACROCAPABILITIES

• LIBRARY FUNCTIONS

• CONDITIONAL ASSEHBLY

• RELOCATABLE NODULES

• AVAILABLE ON VkX/VHS

AND PC/MS-DOS SYSTEMS

i i i lu

,,._u
_ ,,,cRo,,_SE,B_.ER

RDJr,AT_ _ _

LI_ER

-- _ TitS320Seatnir mC-lO0-



TNS320 SOFTHAAESIHULATOR

ABILITY TO SIMULATE EITHER
NICROPROCESSOROR NICROCOHPUTER
NODE

• BREAKPOINT/TRACECAPABILITIES

MODIFY AND DISPLAY BOTHPROGRAM
NENORYOR DATA NENORY

• Qe oeoe

• eo e•ei
eee

• e,, oo*e

• HODIFY AND INSPECT REGISTERS

• SINGLE-STEP EXECUTION

• ASSOCIATEFILES TO I/O

• AVAILABLE ON VAX/VNS AND
PC/MS-DOS SYSTEMS

x_ TitS320Seminar ,
RTC-iO_ ,

UO-}-4



I III

O

SIIDSSOFTiIAREDEVELOPHENTSYSTEN

%OH-PC/AT ADO-IN BOARD

REALTINE DEBUGFOR TNS320C25
AND TNS32020

24K NOROSPROG/DATANENORY

e.I.c...E...i.
....:_..m._i._....:-

NENU-DRIVEN CONNANDENTRY

DIRECT ACCESSTO OTHERPC
UTILITIES INCLUDINGASSENBLER/
LINKER/TEXT EDITORS

EXTERNALCABLEAND ADAPTERS:
- I_L comEClm_ _ TOW-PINGRID

AJ_N'fFOOTPRZm(Tm3ax_/c_ TA_L'I

- AIO,LOG111TERFkCIDOk_ADk°TERCOHMHECTOR
CO(RCT$SILOS10 '11632010

lIE-tO0
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OFDPDIGITAL FILTER

• INTERACTIVE MENU-DRIVEPACKAGE
FROM ATLANTASIGNAL PROCESSORS
INC (ASPI)

• DESIGN FIR FILTERS
- UZSi_ IIHD_

• DESIGN IIR FILTERS
- BUT1_

- IME_Dt"V I 1¢ II

- _J.lmC

• DISPLAYS FILTER RESPONSES

• GENERATESTNS320Ct0/C25
ASSEMBLYCODEFULLY COMMENTED

• RUNS on IBM PC/XT/AT

DESIGNPACKAGE

BIB arl_ I_IB IPiZ:

ESTDIIT_;i_i'O FI].11_ BCEB

m DP.U[ E3_I_ _

I_ SilJ_ I_j LB_ Tll E EE)

EP _LCULATES_mlTS N

IES_[ _STICS

IF7 E_N_ n_oclo/_s ¢E[

----_ T_320 Seaimar
RTC-iO0

OR;G;NAL PA3E IS

OF ImOR _P_
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TNS320 EVALUATIONNODULE

• INEXPENSIVE EVALUATION TOOL

• RESIDENT EDITOR/DEBUG NONITOR

• ASSENBLER/REVERSE ASSENBLER

• S/N SINGLE-STEP/BREAKPOINT

• TARGET CONNECTORFOR
IN-CIRCUIT ENULATION

• DUAL SERIAL RS232 PORTS

• HOST CPU UPLOAD/DOWNLOAD

• BUILT-IN EPRONPROGRANNER

_ T)I_3_OSeminar IIT¢-I_



TNS320 ANALOGINTERFACE

• [ i i

BOARD

• 12-BIT A/O, O/A CONVERTERS

• TWO USER-DEFINABLE 16-BIT

INPUT LATCHES FOR A/D'S

NITH A/D STATUS REGISTER

• ONE USER-DEFINABLE J6-BIT

OUTPUT LATCH FOR D/A'S

• PROGRAMMABLESAMPLE-RATE CLOCKS

• TWO ACTIVE LOWPASSFILTERS

• IC AUDIO AMPLIFIER WITH VOLUME

CONTROL

• WIRE-WRAP AREA

• ADAPTER BOARD TO CONVERT TO

TMS32020/C25 OEVELOPMENTTOOLS

mc-too

,UltL_mn

(Je-HI
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' xosgPSnADES......
• UPGRADE KETS EXTEND FUHCTIONkLITY OF EXISTING

OEVELOPNENT SYSTENS AT A NININUN COST

• INSTALLATION OPTIONS

- OST0_ _ L0_ C0_. Fa._'TO_11.qV.q)m

• 532010 ]Q5/22

11_2_20 mS/22

4 BILtT_ I_R,

mP T_B(T aNEL'Tm

42P_ _Pm6.

4H m,l_

S_ AS__
4 _ mo_l/'n_ IO

_20¢i0 iS1 _._ttTlON _:-D

TI6320C_ _ 6ENE_T]_ X]_-_

R'rc-io0 ,

$¢
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TitS320 I)EYELOPNE'NTTOOLS'- FEATURENATflIX
SXMULATOII S_DS XDS

m_m_m_ s _ _ w

nulltltl[ Bzmt m m tto

m_/_T _ m

m_t_
II_AlO_I)tl_( IZ3KIRYAKIZZ_FJ_tltI1[

tIDL-ll)E lltA4Ef_JPIJES
R&L_Jm_1_ t_llltt

RtlZtTAIW£1
M11-U_ SYS1gl
I_T-])I _ ]XlgTACE
F1].£SJ_SOCL*11_TO_'0

W3 mid _E3 iTS

m _ TIES W£S
lid YES rio
m _t _
lid n NO

W3 mtlA _ 'W3
m _i m
tm _ lid ill
m lID itS3 mmo
tmD if$3 _ rio

IIOtJdTfirttOt_
O_ PnO_cUUq_IAf_iO/CtOJ
an-em_ f,nosu_t/l_iA(_e;z_a/c_si
I'ROGP,_MY_T_f3l_e;IOW

4K/- mt/A m/A 4K/-
41r3'4K oVA )4K 4N/4K
_t_ oI/A mt/A

,_"LI,n,tr

Poor _Lr_
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SUNNARY- TNS320 DEVELOPNENTTOOLS

Ill N
SOFTIIAI:IE m m eMm.V

II_lO I._I_118 ' "'

Iait-I_ m.-UlS X X

SN,t.ATOR
VU_ x I

Sl_ .,.S,,_II_01_ ml'_ l

OFt_- tlZ;ItU, rlI._ OGm

OSPSOrTlbi,AELIIRt_
¥U V_
IJI_PC115-0_

ELL 2t_ tXl31 _ I

I i |

HARDMARE

JZrd'O[m.ATgR

_S/'O W_mAg[
F_'TORI
O_Oml

• S/tl gRn_Z

D$1010

M_J.O$[ll1_r_ OO_ - 1.111

e

Z - SEtTm[ A-2 IN _ FUlILYOEYELORT.KTSIJ_RT IiF.FE_.J_6Lr_[
FORP&';rT

IlTC-iO_

II
IBI Irll_T

X

l

X

,i
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TNS320SUPPORTTOOLS

• DOCUMENTATION

• NEWSLETTER/BULLETIN BOARD/HOTLINE

• DSP TEXTBOOKS

• THIRD-PARTY SUPPORT

• HANDS-ON TRAINING

RI'C-IO0
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"1"NS320DOCUNENTATION

• I:q:IIIAJCTOESCI:IIPTIONS/BULL_INS
1163_00etf_Pt_(lJ_ BLI.£_

_320C_ P_U_ Of_f_lqIOW

• US_'S 6UII_S
_63_010k_'$ m

FAMILYO_ SPPOmfi_

_E3_ OB'S tL_

• OATASHEETS
11fS32010OATA914_q
_lO-t4 OATA
l_3_tt DATA
1163L_OCfOOATA
T_ OATA$_

DATA

• DSPAPPLICATIONS BOOK

$eoinae ' tl_-lOg
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TNS320 DSPTEXTBOOKS

TITLE

Theory and Imp)ementatton
of DFT/FFT and Convolution
A]gonithms

Oigita) Ft]teP Oestgn

u |

PPacttca] Approaches to
Speech Coding

• i

A Practica] 6utde to
Adaptive FJ]ter Oesign

k DSP Laboratory Using
the TNS320JO

AUTHOR

C.S. Burrus,
T.N. Parks

T.II. Parks,
C.S. Burrus

i , ,

P. Papamtcha]Js

i ,,,•

J.R. Treich]er.
C.R. Johnson, Jr..
N.G. Larimore

i • [ ii

T.N. Parks,
D.L. Jones

PUBLISHER

John NJ)ey
and Sons

John Ni)ey
and Sons

Prentice-Hal)

n nm m,

John Ni]ey
and Sons

J

Prentice-Hail

11E320Smtnl- IITC-lO0
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TNS320 NEWSLEIIER/BULLEIINBOARD/HOTLINE

• THS320 IEWSLETTER
- CURRENTANDNEWTMS320 EVENTS/PRODUCTS/UPDATES
- PUBLISHEDQUARTERLY

- CALL 800-232-3200 TO BE ADDEDTO NAILING LIST

• BULLETIN BOABO
- EXCELLENTCOMMUNICATIONSTOOL
- CONTAINSSOURCECODEFROMTHE DSP APPS BOOK

- PHONE7J3-879-209t (BELL 2J2A MODEM,300 OR ]200 BPS)
- USER ID CANBE OBTAINEDFOR FULL ACCESS
- 60-MINUTE PER DAY ACCESSLIWIT

• HOTLINE
- HOURSARE8:00 AN - 4:30 PN
- PHONE 7!3-TRY-k-320

7!3-879-2320

(CENTRALTIME)

_ti_ RTC-IO0
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THS320THIRD-PARTYSUPPORT
| FBIIOE II'TULS,_E£TIE 111S3_F.UlZL_'=E'EL=:=II_M:_=g111g'ERR_leJZ_

SOFT,,,MARE,TOOLS SUPPORTED ON

Sll/aTm OVII-m
Im,ngl Ill, ill _ le/ll-m

lllmA_ cmBI I_ IIEII

DATACI3NJ(IChTIK_ IW.-I|
_]LBi/t_ Illot!

UO_1E B-ii
m D_ Plmo_Im _ it_ _ lap

HARDMARE T00L..S SUPPORTED ON

-±:._
W llOkI_S I'U
liSPt,J lm'K/IT//,T
BI,UTOFIS _ LOS
MU,LT'D_S VlLm

I=ICzm,meZS m_r Vl/'a/'al
E__ I[IRU1kTIN
LOGIC_ALT_R, OISAS_)_ER
TUt I'lCm_
0m aOk=IZ_ c.,axe]lJm]
slrI_10R

kmiaar

m_E S_ J_

JlI6A
&_'TTI B/2,t/_4 K

lltC-iO0
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1NS320 HANDS-ON1RAINING

• HALF-DAY SENINAJ:IS

• 3"-DAY ]ST 6F.NERAIION DSP IIORKSHOP {$995]

- II_L_I_Cl7 k_T.-['lW.rI]_li£_BI Erlll_CAnl8

• 3-DAY 2ND GENERATION DSP ilORKSHOP ($995)
- gl_ 1_/1_ _ Ee.omen To_J
- nS]Rqx_ kqOEF..__._O, ['T/koR.ICA11¢I6

TI8320Se,zJnar

S D_XU_ Irm

SA_ _N_rT £N_QU.

IITC-100



SUHNARY- TNS320DEVELOPNENTSUPPORT

• DEVELOPNEITT TOOLS

EvttI_ALUATIOtImXLl_

• SUPPORT TOOLS
O00,JtStTATIOII
tE)B.ITT_
tllEl_ lmm
ttOTLllE

aKS Om'XtU_OEV_.Om]lm'lBt
k_13a.m/L_
|Tttll,.kTm
WOeIllITll£ Irl_ I_Im

• THIRD-PARTY SUPPORT

• TRAINING
3-OATIS1'E3i3_TIC_D_
3-OAY_ a3(_TI_ Dg_

kainr RTC-tM
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AGEHDA
IIII ......

IHTRODUCTIOH

, SECOHDGEHERATIOH320 (32elc25)

FIRSTGENERATION320 (320C10)

BREAK

THIRDGENERATION320 (320C28)
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TNS320 APPLICATIONS
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WHY IS IT I

_-- _ TWS320Seminar

DSP2400NODENOVERVIEW

A 2400 bps, HAYES COMPATIBLE, 2-WIRE

FULL-DUPLEX MODEM AVAILABLE FOR OEMS

TO TAKE TO PRODUCTION.

J. IT BRINGS THE COST OF 2400 bps DOWN TO

THE J200 bps RANGE.

2. IT ELIMINATES SILICON RISK BECAUSE ONLY

STANDARD, INDUSTRY PROVEN COMPONENTS ARE

USED IN THE DESIGN.

RTC-IO0
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DSP2400: A TOTAL SYSTEN SOLUTION
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CONTENTS:

• FUNCTIONAL DSP2400 ASSEMBLY

ON PC HALF-CARD

• DSP2400 USER'S GUIDE

- INSTALLATION K OPERATION

- SCHEMATIC

- ASSEMBLY DRAWING

- LIST OF HATERIALS

- PERFORMANCE DATA

• ARTWORK AVAILABLE ON REQUEST

I

_llltlll, itt#111l_lllillltlii

Il m N

P/N: TMDSP2400PK
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DSP2400PAODUCTSUNNARY

iI PART NUNBEA
! OESC IPTIO"I

t. TNDSP2400PK DSP2400 PROTOTYPE KIT

2. TMS320A2400NL DSP2400 MODEHDSP

3. TMS70A2400NL DSP2400 MOOENCONTROLLER
i,

4. TNDS3240814-12 TNS320A2400 SOURCE CODE (PC-MSDOS)
TNDS3240214-t8 TNS320A2400 SOURCE CODE (VAX/VNS)

w

5. TNDS32408JS-t2 TNS70A2400 SOURCE CODE (PC-NSDOS)
TNDS32402JS-18 TNS70A2400 SOURCE CODE (VAX/VNS)

ALLPROWCTSAREAVAILABLE_ YOURLOCALTI SALESOFFICE

AUTHORIZEDTIDISTILIBUTEA

TI(S3_OSeminar RTC-tO0
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AT&T
PRESENTS

THE WE_DSP32 AND WE_DSP 16

DIGITAL SIGNAL PROCESSOR FAMILIES

- I

TECHNICAL SEMINAR

7SS22.01 ¢ 11187AT&T Technologies,inc.

Notes ,
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AGENDA
• Introduction

• DSP32
- Features

- Architecture

- I/0 Interfacing

Break

- Instruction set

- Benchmarks

• Development Tools
- Software library

- Development system

• DSP32C
- Features

- Architecture

- Instruction Set

- Support

• DSP16
- Features

- Architecture

- I/0 Interfacing

Break

- Instruction set

- Benchmarks

• Development Tools
- Software library

- Development system

• Concluding Remarks
- Support

¢ 1117 AT&T Technologies, Inc.

Notes
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Million

Arithmetic

Operations
Per Sec

75922.03

DSP PRODUCT EVOLUTION
9O

.o __70 O NMOS DSP1

60 C] CMOS

a_t I Next
50 Generation

Floating

40 DSP16 ,.,- _ / Point

0;'-
• DSP32C

20 DSP20 DS_P32 _==_ ,o.,<.
DSP 1 ,oo.. ,o. (_r--.._., --

10 DSP20 (plastic)

1978 1980 1982 1984 1986 1988 1990

Year © 1988 AT&T Technologies, Inc.

Notes



7Sg22.04

DSP APPLICATIONS
Processor

Size

32-Bit
floating

point

DSP
Devlce

DSP32C

DSP32

DSP16A

DSP16

1S-Bit
fixed
point

i

Applications
Markets:

Computing (PC, minis)
- Main processing element
- Math accelerator

Work stations
- Graphics (high end)

Image processing

Advanced speech
Advanced telecom
Robotics
Digital audio
Graphics
Servo control

Speech
- Low bit rate

Graphics (low end)

Controllers
Telecom

- PBX
- Transmission
- Modems

Consumer

¢ 1g118 AT&T Technologies, Inc.

Notes



WHY FLOATING POINT?

• Higher precision

• Wider dynamic range

e Ease of use (auto-scaling)

65169.08
© 1986 AT&T Technologies, Inc.

Notes



WHY FIXED POINT?

• High speed

• Low power

• Low cost

65169.10
© 1986 AT&T Technologies, Inc.

Notes

i



WHY SINGLE-CHIP?

• Reduced power

• Reduced board area

• Reduced cost

• Reduced development time

65169.11
© 1986 AT&T Technologies, Inc.

Notes



AT&T
PRESENTS

THE WE_DSP32 DIGITAL SIGNAL PROCESSOR

65169.12

m

pl

I

i

Ii

j,

iii

¢) 1986 AT&T Technologies, Inc.

Notes



WE®DSP3 2

• Features

- Technology
- Architecture
- Instruction set

• Architecture

- High speed
- Functional diagram
- Data arithmetic unit

- Floating point format
- Floating point advantages
- Control arithmetic unit

- Memory
- Memory map
- Serial Interface
- Parallel interface

- Error control logic

• I/0 interfacing
- Microcomputer

- External memory
- CODEC

- Multiprocessing

• Instruction set
- Data arithmetic unit instructions
- Control arithmetic unit instructions

• Addressing modes
- Immediate

- Memory direct
- Register direct

- Register Indirect

• Filter example

• Benchmarks

© 1986 AT&T Technologies, Inc.

Notes



DSP3 2 FEATURES
Technology

• 1.5 micron NMOS

• 155,000 transistors

• Chip area-81 square mm, (12.7mm x 6.35mm)

• 40-pin DIP and 100-pin PGA

• 16 MHz clock (250ns Instruction cycle)

• 25 MHz clock (160ns instruction cycle)

• Power dissipation
- 1.8W (Typ), 2.3W (max) for DIP

- 2.0W (Typ), 2.6W (max) for PGA

• Single +5V power supply

7S922.06 ¢, 1987 AT&T Technologies, Inc.

Notes
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DSP32 FEATURES
Architecture

• Full 32-bit floating point arithmetic

• All instructions are single-cycle

• Two execution units

1) DAU 32-bit floating point
- Parallel multiplier and adder

. Automatic post-normalization
- Four 40-bit accumulators

2)CAU 16.bit RISC p. P
- 16-bit ALU

- Address generation for DAU

- Conditional operation

• Memory
- Flexible. Programs or data in RAM or ROM

- No speed penalty for off-chip program or data
- 4 accesses per instruction cycle

- Byte Addressable

• Serial and parallel I/O ports with DMA

Clock +SV

Ext. Mere. I/F

Address
(14)

41,..ram

Data

(32)

Parallel I / O
(e)

Serial I/O

32-bit
Floating point

Multiplier
40-bit

Floating point
Adder

16-bit CAU

GND

_ nnl

512 Words
ROM

n

lk Words RAM

75922.07 ¢ 1987 AT&T Technologies, Inc.

Notes



14

ADDR

MEM
CONT

PIO
CONT

PIO
DATA

FUNCTIONAL DIAGRAM

RAM RAM

32.BIT_ 32-BITS

S12"32

OAT_
.it DAU

SIO CONT

VDD, VSS, CLOCKS
$5169.18 ¢_ 1986 AT&T Technologies. Inc.

Notes



DATA ARITHMETIC UNIT (DAU)

• Executes over six million Instructions per second
- Instructions have the form a=b+cxd

- Each Instruction Includes two floating point
operations

- Inputs are 32-bit floating-point numbers
with 24-bit mantissa and 8-bit exponent

• Multiplier and adder Input sources:
- Memory
- Accumulator (A0-A3)
- SIO Register

• Multiplier and adder operate In parallel
• Adder Is 40 bits wide

• Accumulators maintain eight guard bits
for extra precision

• Data type conversions performed In DAU
- Floating point to-and.from Integer
- Floating point to-and.from p..law end A-law

• All normalization is automatic with no added
pipeline stages

7$g22.09

DAU

Ig811 AT&T Technologies, Inc.

Notes

I I Ill



ADVANTAGES OF FLOATING POINT ARITHMETIC

• Provides large dynamic range (>1500 dB)

• Provides high precision independent of

magnitude

• Eliminates need for scaling after intermediate
computations

. Simplifies software development

- Reduces program size & complexity

• Algorithms can be developed on larger floating-
point machines

• Advanced Applications

:-3.4E3a.s.,=.3, 0,.0=-3=. 3.,i-

Ra ge

65169.21 © 1986 AT&T Technologies, Inc.

Notes



FLOATING POINT DATA FORMAT

2's Complement Data

Mantissa Exponent

ffffffffffffffffffff eeeeeeee

31 7 0

Internal Bus (32 Bits)

65169.22

Mantissa Exponent

! s fffffffffffffffffffffffgggggggg___ _ _ __ _:'_:............."_l_i_eeeeeeee_ii___ _ _i_1

39 0
Accumulator (40Bits)

1986 AT&T Technologies, Inc.

Notes



CONTROL ARITHMETIC UNIT (CAU)

• Generates and modifies addresses

• Executes microprocessor-like instructions
on 16-bit data:

- 2's complement fixed-point arithmetic

- Logic operations
- Conditional branches

- Data moves between memory or I/O

registers and any of the CAU registers

• Contains twenty-one 16-bit general purpose

static registers, also used as:

- DAU Memory pointers, R1-R14

- DAU Increment pointers, R15-R19

- SIO DMA pointers, R20-R21

_ CAU
.. i/ii + _ _.

'! _ 16

_"1PouT II

65169.23 1986 AT&T Technologies, Inc.

Notes



DSP3 2 MEMORY

• All instructions are 32 bits

• All memory is byte-addressable

• RAM and ROM can be used for either

- Program
- or -

- Data

• Zero chip Interface to standard
byte-wide memory chips

• No speed penalty for using off-chip memory

75922.10 ¢ 19117 AT&T Technologies. Inc.

Notes ,

I I I I

I I

I II I IIIII
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SERIAL INTERFACE

• Separate transmit and receive ports

• Double buffering for back-to-back transfers

• 8-, 16-, or 32-bit data width modes available

• Data transfers using on-chip or external clock

- 12.5 Mb/s data rate with external clock

- 3.2 Mb/a data rate with on-chip clock

• Provides external control signals for:

- Direct TDM line Interface

- Direct T7500 or T7520 CODEC interface

• Zero chip interface to other DSP32's

• Allows for serial DMA transfers

- Useful for multichannel applications

OBE

DO

OEN
OCK
OLD
OSE

IBF

DI

ICK

ILl)

SY

75922.11 ¢ 1987 AT&T Technologies, Inc.

Notes



PARALLEL INTERFACE

• Microprocessor-like 8-bit bidirectional
parallel port

• g-pin control interface
PDF

• Port allows for both program and DMA
controlled data transfers

PINT

• PiO DMA allows:

- Downloading an application program/uploading
results without Interrupting another program in progress

- Memory addresses can be auto-incremented

- 2.3 Mbyte/sec

• Error control logic

?SI22.12

:1
PAR (111) D

Iq

PDR (16)

PIR (16)

k

EMR (10) T

PCR (6)

PA

¢ 1987 AT&T Technologies, Inc.

Notes
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INTERFACING THE WE®DSP32

- Microcomputer

- External memory

- CODEC

- Multiprocessing

65169,31
© 1986 AT&T Technologies, Inc.

Notes



TYPICAL MICROCOMPUTER INTERFACE

=_• P00-P07-

8751;

PI0 BUS

65169.32 © 1986 AT&T Technologies, Inc.

Notes



EXTERNAL MEMORY EXPANSION (32 K BYTES)
5165P-70

ABO- 12

7Sg22.14

WE" DSP32

MSN0

MSN1

MSN2
MSN3

MGN

MWN

DBO-7

ABO- 12

DB8-1S

ABO- 12

DB16.23

ABO- 12

DB24.31

¢ 1|17 AT&T Technologies, Inc.

Notes



1110 DATA

PI0 CONTROL

711922.1S

CODEC INTERFACE

DO

Ol

OCK

ICK

WE" DSP32

$Y

ILD

OLD

CKI

I OSCILLATOR I

OR

DX

BCLK

MCLK

VFRO

VFXI

T7520

LINEAR

CODEC

ANALOG

OUT

ANALOG IN

¢, 11117 AT&T Technologies, Inc.

Notes



PIO DATA

PIO CONTROL

MULTIPROCESSING USING
SERIAL COMMUNICATION

DSP32

DO

O_K

OLD

ILD

DI

ICK

SY

CKO

CKI

q

Ol

ICK

ILD

OLD

DO

OCK

SY

CKI

DSP32

PI0 DATA

PI0 CON'[ROL

65169.35

I OSCILLATOR t
© 1986 AT&T Technologies, inc.

Notes
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WE®DSP32 INSTRUCTION SET

• Data arithmetic unit (DAU)instructions

- Multiply / accumulate

- Special functions

• Control arithmetic unit (CAU)instructions

- Arithmetic & logic

- Data move

- Control group

65169.38 © 1986 AT&T Technologies, Inc.

Notes



65169.39

WE ®DSP32 DAU INSTRUCTIONS

Mult/accumulate: EZ=] aN = aM + Y * X

I'Z ='! aN = Y + aM * X

aN = aM + (Z = Y) * X

Type conversions: [Z=_ aN = function (Y)

where:

aN, aM is one of the four 40-bit accumulators
X, Y, Z fields can be:

- Memory locations

- I/0 registers

- Accumulators

['Z=_ indicates that the result is optionally sent to Z

© 1986 AT&T Technologies, Inc.

Notes



Example:

DAU MULTIPLY-ACCUMULATE GROUP

I'Z ='_ aN = aM + Y, X

*r5++ = a I = a0 + *r7
\ / _.../ _..J

Z aN aM Y

**rl 0 ++ r17
\ /

X

65169.40 © 1986 AT&T "technologies, Inc.

Notes



DSP32 CAU INSTRUCTIONS

ALU: rD-rD op(rS,N)

Control: if(cond) gotolabel

Call label (rM)

Return (rM)

Data Move: (mem, l/Oreg)=rS

rD=(mem, I / O reg)
where:

rD,rS,rM are selected from the 21 16-bit CAU registers,

rH is any of the 21 CAU registers or the pc register,
N is a 16-bit operand contained in the 32-bit instruction.

75922.18
1988 AT&T Technologies, Inc,

Notes



CAU INSTRUCTIONS

Examples:

rl 1 = rl I & r17

*r7++ = rl0

if(eq) goto r3+ 12

65169.42 0 1986 AT&T Technologies, Inc.

Notes



FIR FILTER EXAMPLE

Y(n) = b0X(n) + blX(n-1) + b2X(n-2) + b3 X(n-3) + b4X(n-4)

X

bo bl b2 b3 b,

65169.45

Y(n)

Each time this FIR filter equation is computed:

• A new data sample is input via the SIO port

The oldest sample is overwritten

The filter output value is output via the SIO port
© 1986 AT&T Technologies, Inc.

Notes



main:

wait:

FILTER EXAMPLE (cont.)
Code:

• rsect "ROM"
ioc = 0x547
dauc = 0

If (ibe) goto wait
rl = data
r3 = data
r2 = coef
al = ic (ibuf)

a0=
a0 =
a0=
a0 --
al=

goto
obuf

*rl++, *r2++
a0+(*r3++ = *rl++) **r2++
a0+(*r3++ = *rl++) **r2++
a0+(*r3++ = *rl++) **r2++
a0+(*r3++ = al)**r2++

walt

= al = oc(al)

coef: b4 ,b ],b 2,b l ,b 0
.rsect "RAM"

data: x(n-4), x(n-3), x(n-2), x(n-1)

65169.48

Comments:

/*ROM code*/
/*Set the loc and dauc*/

/*Control registers* /

/*Wait for new data sample*/
/*Initialize*/

/*Pointers* /
/*Input new data sample*/

/*b4 X(n-4)*/
/*a0 + bzX(n-3)*/
/*a0 + b2X(n-2)*/
/*a0 + blX(n- 1)*/
/*a0 + b0X(n)*/

/*Filter output* /

/*Put data In RAM*/

¢) 1986 AT&T Technologies, Inc.

Notes



DSP32 BENCHMARKS
Function

• Complex FFT (Includes bit reversal)
- 256 point

- 1024 point

• Filters

- FIR

- Adaptive FIR

- 5-Multiply IIR (SOS)
- 4-Multiply IIR (SOS)

• Numeric processing
- Logarithm
- Divide

- Matrix multiplication (2x2) x (2x2)

- Matrix multiplication (4x4) x (4xl)

- Matrix multiplication (4x4) x (4x4)

@160ns (_ 250ns Units

1.90 2.98 ms

8.96 14.0 ms

160 250 ns/tap

320 500 ns/tap
800 1250 ns

640 1000 ns

3.1 4.8 _s

2.9 4.5 iJ:.s

1.28 2.0 _s

2.56 4.00 _s

10.2 16.0 _s

75922.19
¢ 11il &T&T To¢hnok_91es , Inc.

Notes



DEVELOPMENT TOOLS
FOR THE WE® DSP32

65169.48 © 1986 AT&T Technologies, Inc.

Notes



APPLICATIONS DEVELOPMENT SUPPORT

• Text editor

• Assembler / Link

Editor

• Simulator

• Develpment system

operating under
Simulator control

65169.49

Assembl

I

.... +_____I
I Real-Time Operation t

And In_Circuit Emui_tion /

¢) 1986 AT&T Technologies, Inc.

Notes



APPLICATION DEVELOPMENT
ENVIRONMENT

Ueere Terminal

ot PC

pUS.DOS')

_" DSP32-DS DSP
Development System

R$-232

Ueer Target
System

logic Analyzer
(Optional)

75922.21

C_ 1917 AT&T Technologies, Inc.

Notes



DSP32 DEVELOPMENT SOFTWARE

• Runs on the UNIX _-or MS-DOS* Operating Systems

• Assembler

- High-level syntax

- C preprocessor

• C-Compiler

• Simulator

- Fast (1500 ins/s)

•. Register and memory access

- Breakpoints

- Symbolic debugging

- User-defined functions

- I/O files

7Sg22.22

• RO_|lQftd Itlllltfl',|tt O| the M|t:rl)llo_| COcpDrllllOft

¢ 1988 AT&T Technologies, Inc.

Notes



C-Compiler

• Full Kernighan and Ritchie specification

• Optimizer

- Speed or memory optimization

• Compatibility with DSP32.SL

- Allows linking of DSP32 source

or object code

?SS22.2] C1587 AT&T Techno_gles01nc.

Notes

I I I



WE ® DSP32 ASSEMBLER EXAMPLE

Equation:
A(k) = A(k) + U* A(i) - V* A(i+ 1)

65169.52

DSP32 syntax:
#define i rl
#define k r2
#define U a2
#define V a3

a0 = *k U* *!++;
*k = a0 a0 + V**l;

@ 1986 AT&T Technologies, Inc.

Notes
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WE®DSP3 2
DEVELOPMENT SYSTEM

• Full speed program and I/O interface debugging

• Display of registers and memory

• Software breakpoints

• Buffered I / O for in- circuit emulation

• Multiple DSP support

- Emulation capabilities for seven DSP32's
by cascading the development systems

• Convenient size

• Controlled by the Simulator

- Can load and run the same program in both the
DSP32-DS and the Simulator, and automatically

651..5_ compare the results ©1986AT&TTechnologies, Inc.

Notes .....



The WE®DSP3 2C
Digital Signal Processor

7St22.27 C 198"/AT&T Technologies, Inc.

Notes



?$922.28

DSP32C
Features

• 0.75 _m CMOS technology

• 80 ns (all instructions are single-cycle)
• 32-bit floating point format

• Four memory accesses per Instruction
• Four 40-bit accumulators

• On-chip memory
- Three banks of 512x32 RAM
- OR Two banks of 512x32 RAM with 2Kx32 ROM

• 16M bytes external memory

• 24-bit p.P like operations
• Low overhead looping

• 16-bit parallel port

• 16M bit / s serial port
• Bit reversed addressing

• IEEE conversion (single-cycle)
• 133-pin PGA

¢' 1987 ATILT Technologies, Inc.

Notes



ADDRESS

PIO

EMI

_0 -- =

UTILITY --

75922.29

DSP32C BLOCK DIAGRAM

I_ 19111 ATiT Technologies, Inc.

Notes



DSP32C
DATA ARITHMETIC UNIT (DAU)

• Executes 12.5 million instructions per second
• Instructions have the form a=b+c*d

- Each Instruction includes two floating point
operations

- Inputs are 32-bit floating-point numbers
with 24-bit mantissa and 8-bit exponent

• Multiplier and adder input sources:

- Memory

- Accumulators (A0-A3)
- SIO Register

• Multiplier and adder operate In parallel

• Adder is 40-bits wide

• Accumulators maintain eight guard bits
for extra precision

• Data type conversions performed in DAU

- Floating point to-and-from Integer (16 or 24 bits)
- Floating point to-and-from IJ.-law and A-law
- Floating point to-and-from 8 bit linear
- Floating point to-and-from IEEE

75922.30

DAU

32

C 19111 AT&T TltchnologJes, Inc,

Notes



CONTROL ARITHMETIC UNIT (CAU)

• Generates and modifies addresses

• Executes microprocessor.like instructions
on 16- or 24-bit data:

- 2's complement fixed-point arithmetic
- Logic operations
- Conditional branches

- Conditional ALU operations
- Data moves between memory or I/O

registers and any of the CAU registers

• Contains twenty-two 16-bit general-purpose

static registers, also used as:

- DAU Memory pointers, R1-R14

- DAU Increment pointers, R15-R19

- SIO DMA pointers, R20-R21
- IVTP R22

75922.31

CAU

PC

R1 -R19
PIN

POUT

IVTP

¢ 1911 AT&T Technologies, inc.

Notes



75822.32

DSP32C

Memory

• On-chip RAM 1.5K words

• Or 1K words of RAM with on-chip ROM

• On-chip ROM 2K words

• 16M bytes external memory

• All memory is byte addressable

• Wait states for slower memory

- A wait state is one quarter instruction
cycle (0, 1, 2, or 3 waits)

- Synchronous ready

• Bus arbitration logic (Bus Request/

Request Acknowledge)

¢_ 191118AT&T Technologies, Inc.

Notes
I I I

I I I I



?5922.78

DSP32C

Memory Map

• Two independent external speed partitions

0x000000 -
External Memory A

- 6 Mbytes.
• 0,1, 2, or 3 wait states

- or-
0x5FFFFF

0x600000

0xFFDFFF

0xFFE000

0xFFFFFF

• Synchronous ready

External Memory B
- lOMbytes.

• 0,1, 2, or 3 wait states
- or -

• Synchronous ready

Internal Memory

¢. 1111111AT&T Technologies, Inc.

Notes



DSP32C

Input/Output

• DMA, interrupt driven, and programmed I/O

• Software configurable (reduces glue logic)

• Seriall/O

- 16M bits/second

- 8, 16, 24, or 32-bit transfers

- Zero glue logic to codes, TDMs, and other DSPs

• Parallel I/O

- 8 or 16-bit parallel port

- Microprocessor interface

?S922.33
C t91111 AT&T Technologies, Inc.

Notes



DSP32C

Interrupts

8 Vectored interrupts

- Two external pins

- SIO read or write

- PIO read or write

- DAU overflow or underfiow

TS922.34
¢. 1987 AT&T Technologies, Inc.

Notes



R22----_

75922.79

DSP32C

(Interrupt Vector Table)
32 Bits

in

i i

l l i _ I ! ! i N ! I

i i ! I I I i N ! i

mammal, alia

nmmm_llmmmlmmm

immml_Niu_

J

+0

+4 Ext Interrupt Pin 1
+l

+i= PIO Input Buffer Full

+le
+20 PIO Output Buffer Empty
+=4
+=a SIO Input Buffer Full

+=o SlO Output Buffer Empty
+4o
+44 Ext Interrupt Pin 2 •
+4o
÷s= DAU Underflow

+so
+so DAU Overflow

¢'1988 AT&T Technologies, inc.

Notes ,,,

|1 I I



R2 2 ------._

75922.80

DSP32C

(Quick Interrupt Example)
32 Bits

m m m m ! w i m m n m

*r14++ = ibuf

ireturn

m mm m m m im m m m m m

_ _ mml m mw, _ m emm _ _ _

+0

+4 Ext Interrupt Pin 1
+11

+12 PIO Input Buffer Full

,16
+20 PIO Output Buffer Empty
+24
+=m SIO Input Buffer Full

,-',2
+36 SlO Output Buffer Empty
+40
+44 Ext Interrupt Pin 2 -

+4m
+s2 DAU Underflow

,so
+60 DAU Overflow

¢_ 19B| AT&T Technologies, Inc.

Notes ,,



DSP32C INSTRUCTION SET

• Data arithmetic unit (DAU) instructions

- Multiply / accumulate

- Special functions

• Control arithmetic unit (CAU) instructions

- Arithmetic & logic

- Data move

- Control group

7sg22.35 ¢ 11117 AT&T Technologies, inc.

Notes



DSP32C
DAU Instructions

Multiply / Accumulate

[Z=] aN=aM+Y*X

aN= aM+(Z=Y)*X

aN = (Z=Y) + X

?5922.38

Speclal Functions

[Z=] aN = Function (Y)

Where:

aN,aM = One of the four accumulators,

X,Y,Z = Memory, I/O register, or accumulator,

IZ=] Is an optional field.

@ Igllll AT&T Technologlel, Inc.

Notes

I



Examples:

Example:

Example: do 71

75922.37

DSP32C
CAU Instructions

Arithmetic and Logical

r l = r2 & r3

if (eq) rl = r2 & r3

rle = rl # r2

Conditional branch

if (ibf) goto r l

Looping (low overhead)

(

a0 = a0 + *rl++**r2

)
C' 11)88 AT&T Technologies, Inc.

Notes



Benchmark

FIR

AFIR

SOS

Lattice

Mat. Mpy (3x3)(3x1)

256pt Window

1024pt FFT

DSP32C
Benchmarks

DSP32 DSP32C Units

160 80 ns

320 160 ns

800 400 ns

320 160 ns

1440 720 ns

40 20 _s

8.96 3.3 ms

75922.38
¢ 1988 AT&T Technologies, Inc.

Notes



DSP32C
Development Support

• Assembler, linker, and simulator (UN/X _'

• Hardware development system

- PC environment (plug-in card)

- In-circuit emulation (ICE)

. Real-time development

• C Compiler

• Application library

• Application guide

• Third party support
- Atlanta Signal Processors, Inc (ASPI)
- Burr-Brown
- CAC

• University program

• Registered trademark of Microsoft Corp.

7S922.39

and MS-DOS* )

© 19118 AT&T Technologies. Inc.

Notes



65169.61

AT&T
PRESENTS

THE WE®DSP 16

DIGITAL SIGNAL PROCESSOR

JI

I

I

!

TECHNICAL SEMINAR

¢) 1986 AT&T Technologles, Inc.

Notes ,



65169.62

WE®DSP 16
• Features

. Technology
• Architecture
- Instruction set

• Architecture

- Functional diagram
- Data arithmetic unit
- X address arithmetic unit
. Y address arithmetic unit

- Memory
- Instruction cache
- Serial Interface
- Multiprocessor mode
- Parallel I / O

• I/O Interfacing
. Microcomputer
- External program memory
- External data memory
- Codec
- Multiprocessing

• Instruction set

- Multiply / accumulate
- ALU
- Oata move
- Control

- Special functions
- Cache

• Addressing modes
. Immediate
- Indirect

- Compound
- Modulo

• Interrupts

• Program example
• Benchmarks

© 1986 AT&T Technologies, Inc.

Notes



75922.41

DSP 16 FEATURES
Technology

• 1.0 micron CMOS

• 140,000 transistors

• Chip area - 56 square mm

• Available in two packages:

- 84-pin plastic leaded chip carrier

- 84-pin ceramic PGA

• 26.6 MHz clock (75ns Instruction cycle)

• 36.3 MHz clock (55ns instruction cycle)

• 350 milliwatts @ 75ns (worst case)

• 250 milliwatts @_75ns (typical)

• Single +5 volt supply = ,,,*TAT T.°,.o,og,.,,,.=.

Notes



WE_ DSP 16 BLOCK DIAGRAM
AB00-AS15

CKO

RSTD

EXMS

RB00.RBlS

D_
ICK
ILD
IBF
DO

OCK
OLD
OSE

SYN¢
SADD
DOEN

65169.66 © 1986 AT&T Technologies, Inc.

Notes



DATA ARITHMETIC UNIT (DAU)
4_ ROM Omt Bus

• Two's complement arithmetic

* 16x16 multiplier with 32-bit product

• 18.2 mllUon multiply/accumulates per second

e Two 36-bit general purpose accumulators

e Full precision load end store of accumulators
In 16-bit words

• Programmable product alignment

e Operends to the multiplier come from
memory or an accumulator

Programmable saturation on overflow

ALU for arithmetic and logical operations

- Operations on 16-bit or 32-bit data

- ALU operation results can be tested

for branching

e

e

75922.45

i Inlernal Data Bus (16)

111 ,.. tj,t 18 .
II

DAU

,--,.....,-_ _.._T__

Imerna! Data Bus 111)

¢. 19117 AT&T Technologies. Inc.

Notes



X ADDRESS ARITHMETIC UNIT (XAAU)
Address Bus

• Calculates addresses to ROM

• XAAU contains five registers:

- Program count (pc)

- Pointer for ROM look-up table (pt)

- User defined post-increment register (i)

- Return address for subroutines (pr)

- Return address for interrupts (pi)

• Nested subroutine (store pr instruction)

65169.69

Internal Data Bus

© 1986 AT&T Technologies, Inc.

Notes



Y ADDRESS ARITHMETIC UNIT (YAAU)

• Calculates addresses to RAM

• Four address registers:
- Used to read and write RAM

without restriction

- Registers (rb, re) to support
modulo addressing

- Two programmable two's complement
post modify registers

- Fixed post modifications of +1, -1,
are available

Address

Internal Data Bus

YAAU

6516g.70 © 1988 AT&T Technologies, Inc.

Notes



MEMORY

• On-chip ROM 2048x16
- Instructions (16-bits)
- Coefficients (16-bits)

- Mask-programmable (on second level metal)

• On-chip RAM 512x16
- Data storage

- Static (no refreshing)

• Instruction cache (15x 16)

• Program memory expandable off-chip to 64Kx 16

• Full speed prototyping with 45ns memories

OxOOO0--=--

OxO7FF..._
Ox0800

16- bit s.---,._

On- chip ROM
or

Exteme! memory*

EJctema! memory

i

0xFFFF _ _

*According toEXM pin

DSP16 Memory Map

65169.71 @ 1986 AT&T Technologies, inc.

Notes



SERIAL I/O

• 10 Mbits/sec maximum data rate

• Full duplex

• Independent I/O clocks

• Double-buffered for back-to-back transfers

• Multiprocessor mode (zero chip interface
up to 8 WE" DSP16s)

• I/O configurable through software

• Zero chip interface to:

- Codecs

- DSP devices (¢,g.WE DSP16,WE DSP32)

- Time Division Multiplexed channels (TDM)

I s_ol
ICK _ _1 .. = 116•

OCK _ :1 { ibuf(16) I I • :

i 16# I

ILD
,I : I 116, J
• :I [ 0bur(161 I-: ,

OLD 161:

oo-: ; os,116_ _ I
I ,- 16/

IBF 4-----_ [ stoc(16) j- 116/ !
OSE _ i srta (16)' ][_: ../ '

SYNC_ l tdmsllSi-_: !'=" :
SADD _ .
DOEN .,=------4- •

...,"1

i1 I
I I
e I
• I

I1 I

I I

DI
| I

il I

el
M I

S I

(16_

65169.73
© 1986 AT&T Technologies, Inc.

Notes
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?1tl22.47

PARALLEL I/O
• 16-bit/8-bit Interface to communicate with:

- Microprocessors
- Other DSP 16's

- Peripheral I / O devices
• Data rates up to 145 Mbits/sec
• Configure for internal and external modes
• Transmit and receive 8-bits simultaneously
• Input 16-bits and output 16-bits
• Directly address two devices

INT
IACK

PIO

PD00.PD1S

PISS : ii

PSEL :

PODS

I
It
!

r
It
o
I

0
|
I

|
u

116]
m ¢ lll? AT&T Technologies. Inc.

m

Notes
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I I I
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INTERFACING TO THE WE®DSP 1 6

• Microcomputer

• External program memory

• External data memory

• Codec

• Multiprocessing

65169.78 ¢) Ig86 AT&T Techno|ogles, Inc.

Notes



65169.82

WE®SIO MULTIPROCESSOR

CONFIGURATION

WE DSP16

O "

DATA CK ADD SWI

01 • DO

Y
DATA

WE DSP16

1

)ATA CK ADD $YN

• WE DSP16

7 ._

DA' ,CK ADO SY_

,= o= =, o,,, ,,,, ...°

Y"' '11NC NC NC NC

CK ADD SYN 1986 AT&T Technologies, Inc.

Notes



MULTIPROCESSOR I/0 EXAMPLE

Registers:

Bit I

Field SYI_

, 'l,l,l,l,j,l'l°
UOOE .: .: :Tranr_rlit 81oi :: .

, , , , ;,,, , ,

Time Divlsion Multiplex Slot (TDMS)

Bit

Field
l'sl'41"i'=i"l"l" I ' ! ' I' I s I ' i = I =i 1 I o!

Serial Recelve ITransmlt Address (SRTA)

8S16g.83 @ Ig86 AT&T Technologies, Inc.

Notes



MULTIPROCESSOR I/O EXAMPLE

Time Slot Number

• --I o i, I, i _1 ,i, I. i, I
Jldms=o=_2oL.___
i sr=,,=O=0lff J.._...

0 I ,ds-'r1,, I-

srt= = OIO2OOL._...

O0=lidx J-
1

lid
e
,= 2
E

z 3
O.
C_
o 4

6

7

?S|22.S_

sr|i-OxO|O01

trO÷÷mlldS |

1
tdml=01104]

srtm=O=0420 I
Sdxsl0 |

[
srlll =0=04 soL,m_.._

aO_sdx J-

Itrla- ozOIOOL._. _

IlO=Sdz i-

srta-0= 1000 L

aO=edx

lrtl=Ol20001 +.

10=rldx I-

=rta=oxaoooL,_._
ll0=Sdx J-

srti=o,eoo6L....__
a0,=sdx J_--

C' 1917 AT&T Technologies, inc.

Notes



65169.85

WE®DSP 16 MULTIPROCESSOR

I/O Programming
gore start;

intrpt: *rl++ = sdx;
goto pi;
tdms = 0x101;

srta = 0x0102;
sdx = *rO++;

srta = 0x0104;
sdx = *r0++;

start:

@ 1986 AT&T Technologies, Inc.

Notes
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WE®DSP 16 INSTRUCTION SET

• Multiply / Accumulate

• ALU

• Data move

• Control

• Special functions

• Cache

65169.88 • 1986 AT&T Technologies, Inc.

Notes
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WE®DSP16 INSTRUCTIONS

Multiply / Accumulate
Function

Nothing
aD=p
aD = aS + p
aD = aS - p

Where:

p = x*y
p = x*y
p = x*y
p = x*y

aD=p
aD = aS + p
aD = aS - p

Transfer

Nothing
y[I] = Y
x=Y
aT[I] = Y
Y

y=aT x=X
y=Y x=X
Z:y x=X

z:l tZ : I]

aD,aS,aT - is one of two DAU accumulators
X - pointer to ROM (*pt++, *pt++i))
Y - pointer to RAM (*rM, *rM++, *rM--, *rM++j)
Z - read/write compound addressing (*rMzp, *rMpz,

*rMm2, *rMjk) © 1986 AT&T Technologies, Inc.

Notes ,



WE®DSP 16 INSTRUCTIONS

Multiply / Accumulate

Example:

aD = aS + p

a0 = a0 + p

a0 = a0 + p

a0 = a0 + p

p=x*y

p=x*y

p=x*y

y=Y

y = *rl++

x=X

x = *pt++

85169.90 ¢) 1986 AT&T Technologies, Inc.

Notes
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WE DSP16 INSTRUCTIONS
ALU

Where:

Function

Nothing
aD=y
aD= aS + y
aD = aS - y
aS = aS & y
aD = aS I y
aD = aS ^y
aS - y
eS&y

Transfer

Nothing
y[,]= y
x=Y

,Till= Y
Y

v = sTI']
Y yllJ
y=aT x=X
y=Y x=X
Z:y x=X
z: y[I]
z: =Tll]

aD,aS,aT - is one of two DAU accumulators
X - pointer to ROM (*pt++, *pt++i)
Y - pointer to RAM (*rM, *rM++, *rM--, *rM++j)
Z - read/write compound addressing (*rMzp, *rMpz,

*rMm2, *rMjk) © 1986 AT&'r Technologies, Inc.

Notes



Where:

65169.92

WE®DSP 16 INSTRUCTIONS
Data Move

REG = IMMEDIATE
REG = Y
REG = aT
aT = REG
Y = REG
Z : REG

REG - DAU registers (x, y, auc, psw, c0-2)
XAAU registers (pt, pr, i)
YAAU registers (r0-r3, rb, re, J, k)
SIO registers (sioc, sdx, tdms, srta)
PIO registers (pioc, pdx0, pdxl)

aT - One of two accumulators

Y - RAM pointers (*rM, *rM++, *rM--, *rM++j)
Z - Compound addressing (*rMzp, *rMpz, *rMm2, *rMjk)

1986 AT&T Technologies, inc.

Notes



65189.83

WE®DSP 16 INSTRUCTIONS
Control

goto ADDRESS

goto pointer
call ADDRESS

call pointer
return
icall

if COND goto ADDRESS

if COND goto pointer
if COND call ADDRESS

if COND call pointer
if COND return

ireturn

Where:

COND - mi, pl, gt, le, Ivs, mvs, mvc,

c0ge, c01t, c lge, c lit, heads, tails

true, false

1986 AT&T Technologies. inc.

Notes
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WE®DSP16 INSTRUCTIONS
Special Functions

sO=aS >> 1
aD=sS >> 4
sO=aS >> 8
sD=aS >> 16
aD=aS
aD---aS
aD=rnd(aS)
aD=aS+ 1
aDh=aSh+ 1
aD=y
aD=p
aD=sS << 1
sO:aS << 4
aD= aS << 8
aD=aS << 16

The above instructions can be conditionally executed:
If COND aD = F(aS);
and with an event counter:
ifc COND aD = F(aS)
which executes as:
If (COND) {cl++;aD=F(aS);c2:cl }else {c1++ }

¢_ 1986 AT&T Technologies, inc.

Notes
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WE®DSP 16 INSTRUCTIONS
Cache Instructions

do K (

}
redo K

Where:

instrl

instr2

instrN

N=1-15

K=1-127

© 1986 AT&T Technologies, Inc.

Notes



ADDRESSING MODES

• Immediate addressing

• Indirect addressing

• Compound addressing

• Modulo addressing

65169.96 _) 1986 AT&T Technologies, inc.

Notes



65169.97

ADDRESSING MODE
Immediate

- An operand is supplied by the instruction

- This mode applies to the data move group
and control group

For Example:
REG=IMMEDIATE

x = 256

This instruction moves the immediate

value 256 into the x register

1986 AT&T Technologles, Inc.

Notes



ADDRESSING MODE
Indirect

• The instruction specifies the register that
contains the address of the operand

For Example:
x= {*pt++, *pt++i}

y = {*rM, *rM++, *rM ..,*rM++j}

Note: M=0-3
x = *pt++

In this instruction, the register pt holds
the address of the operand to be moved
into the x register.
The address is then post incremented by one.

65159.98
© 1986 AT&T Technologies. Inc.

Notes



ADDRESSING MODE
Compound

- This mode allows the contents of a RAM location
and a register value to be exchanged

Z:R
Operation

Step1 Step2

*rMzp:R

*rMpz:R
*rMm2:R

*rMjk:R

temp=R

temp=R

temp=R

temp=R

R=*rM

R=*rM++

R=*rM- -

R=*rM++j

Step3

*rM++=temp

*rM=temp

*rM++2=temp

*rM++k=temp

65169.99 @ 1986 AT&T Technologles, inc.

Notes



INTERRUPTS

• Hardware Interrupt

- When the interrupt request (INT) pin is asserted, the
WE®DSP16 will branch to the interrupt service routine

- The WEDSP16 will acknowledge the interrupt by
asserting the interrupt acknowledge pin (lACK)

. The lACK pin will be negated when the interrupt is
complete (ireturn)

. This interrupt can be masked by setting the pioc
register (bit 5)

65169.100 • 1986 AT&T Technologies, Inc.

Notes ,



INTERRUPTS

• Internal Hardware Interrupts

- Interrupt when an external device writes to the
parallel port (passive mode)

- Interrupt when an external device reads from the
parallel port (passive mode)

- Interrupt when an external device reads from the
serial port (passive mode)

- Interrupt when an external device writes to the
serial port (passive mode)

• These interrupts can be masked by setting pioc
register (bits 6-9)

8516g. I 01 @ 1986 AT&T Tochnologles, Inc.

Notes



51 TAP FIR FILTER

x(n- 1) x(n-2) x(n-3) x(n-4) x(n-49) x(.-SO)
r---'-I r"'---_

x(n) _ • • * • •
h(SO)

y(n)

?S|22.83 ¢, 1907 AT&T Techhologteso inc.

Notes

ii ii i

i i i i ii i|
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WE®DSP 16 FIR FILTER DESIGN EXAMPLE
.ram
XSO: 49*lnt

X 1: ins
Ibuf: InS
.endrsm

firS0: euc=0x02

loop:

endl:

/*

H50:

65169.103

pt=H50
i--.S0

rb=XS0
re=X1
rf=XS0

rP=ibuf

*r0=sdx

ll0=p y=*rf++ ,,=*pl+ +

do4g (
aO=a0-p p=x*y y=*rl++ x=*P t+_*

)
a0=a0-p p=x*y y:'rO x='pl++l

S0=a0-p p=z*y "r1-*+:y
a0=a0-p
sdx=a0

goto loop

Coefficients from h(n-50) to h(n)

InS 0.000545

ins 0.000000
Inl .0.000641

*/

© 1986 AT&T Technologies, Inc.

Notes ,,,



7$922.es

DSP 16 RAM MEMORY MAP
FOR 5 1 TAP FIR FILTER

Label

X50

Xl
ibuf

RAM

location

O0
01
02
03

48

49

50

Contents

(16 bit values)

Tap value
Tap value

Tap value
Tap value

Tap value

Tap value
New sample

• 111! ATLT Technologies, Inc.

Notes L



DSP 16 BENCHMARKS

FIR Filter

64 tap FIR Filter (with I/O)

5.Multiply IIR Filter (SOS)

10th Order IIR (with I/O)

Adaptive Filter

(32 bit coefficients)

64 tap Complex FIR (with I/O)

O55ns @75ns

55 75

233 171

385 525

343 251

Units

ns/tap

KHZ (Sample Rate)

ns/Section

KHZ

385 525 ns/tap

52.7 35.6 KHZ

7SI22.SS
• 11111?AT&T Technologies, Inc.

Notes ,,



The WE®DSP 16A
Digital Signal Processor

76922.81 ¢, 1988 ATILT Technologies, Inc.

Notes



DSP16A

• Source and object code compatible with DSP16

• Two speed versions

- 25ns instruction cycle

- 35ns instruction cycle

• 2K word on-chip RAM

• 4K word on-chip ROM

• .75_ double metal CMOS

• Samples July 1988

?S922.82 '¢ 1910 AT&T Techno|ogie|, Inc.

Notes



DSP 16A BENCHMARKS

(_' 25 ns @35 ns

FIR filter 25 55

64 Tap FIR filter 512 366

(with I / O)

10th Order IIR filter 755 539

(with I / O)

64 Tap complex FIR 115.9 82.8

(with I/O)

Units

ns/tap

kHz

(Sample rate)

kHz

kHz

76922.83 ¢ 1911 AT&T Technologies, Inc.

Notes



DEVELOPMENT TOOLS
FOR THE WE® DSP16

8516g.106 • 1986 AT&T Tec_mologles, inc.

Notes



APPLICATIONS DEVELOPMENT
SUPPORT

• Text editor [ Write Program

Fi--t--;_

_' -- -t"-- "J

• Development system Real-time operation
operating under and in-circuit
simulator control emulation

65169.107 © 1986 AT&T Technologies, Inc.

Notes



APPLICATION DEVELOPMENT
ENVIRONMENT

w['DSP1S.DS DSP
DsvslopmentSyslsm

User Target
System

7S022.68
Log*c Anslyzer

(Op;aor.ml)
• Iket_to*o4 tl, tOm,_ i_ IN mmL,,iPeeF_ CollowOtllm
* Itof_De'N E,OeOoW_ eL me INl*let ILLlemalmm4 C4wmrem ¢ 11107 AT&T Technologies, Inc.

Notes



WE®DSP16-SL
SUPPORT SOFTWARE LIBRARY

• WE DSP 16 Assembler

• WE DSP 16 Simulator

• UNIX, _ MS-DOS,* or VMS + Operating Systems

7SI22.1il

* Registorod br|Clomark of the Idlcf_sOft ¢orIBorolton

4 RopsterlNI trallomerk of the D_lt|l |qu_pmon! ¢otporollon

(' 11117 AT&T Technologies, tn¢,

Notes . ,



WE_ DSP 16 ASSEMBLER

• Define labels

• Define tables

• Interactive assembly

65169.110
1986 AT&T Technologies, inc.

Notes



WE®DSP 16 SIMULATOR

• Set breakpoints

• Display registers and memory

• I/O files

• Comand files

• Change values in registers and memory

• User defined functions

• Single step

• Disassemble instructions

65169.111 ¢_ 1986 AT&T Technologies, Inc.

Notes



DSP 16-DS DEVELOPMENT SYSTEM
Features

• Real-time development of application program

• Simulator provides user interface to development
system

• In-circuit I/O emulation

• Hardware and software breakpoints

• Examine and change the contents of memory and
registers

• 16K words of external program memory provided
(expandable to 64K in 16K blocks)

• 16K words of external data memory provided
(expandable to 64K in 16K blocks)

• Simulator accelerator

• Logic analyzer Interface

• Single step function

• Multiple DSP16's supported (up to 16)
76922.72 ¢ 11)07 AT&T Technologies, Inc.

Notes



WE®DSP16-DS DEVELOPMENT SYSTEM

I/O Interfacing

• Analog I/0 interface
- mu-law codec
- Linear codec

$5169,113

• Serial I / O
- In-circuit emulation (target system)
- Codecs
- I/O files (simulator accelerator)

• Parallel I / O
- In-circuit emulation (target system)
- RAM on development system

• Serial RS-232 Interface

• High speed parallel interface, 100k bytes/sec
(with a PC host system)

• 1986 AT&T Technologies, Inc.

Notes



WE®DSP 16 -DS
DEVELOPMENT SYSTEM

Simulator Accelerator

• Allows for algorithm development with hardware

• Real-time I/O from host system files

- Input from files on host system

- Capture and store real-time data

- Output to files on host system

- Analog output with stored input files

65169.114 O 1986 AT&T Te¢hnologlez, lnc.

Notes



REVIEW

• Support

• Future directions

?II22.7S ¢1117 AT&T TechnoJogies, lnc.

Notes



SUPPORT

• Documentation

• Application notes

• Application library

• Training

• Technical support

- Regional technical consultants

- Product application engineers

. Bell Labs designers

651§g.118 • 1986 AT&T Technologies, Inc.

Notes



SUPPORT

• 3rd party

- ASP!

- Burr Brown

- CAC

?Sl22.?1 f, lilt AT&T Techm)logles, Inc.

Notes .



FUTURE DIRECTIONS

• MIL-STD-883

DSP16 1988

DSP32 1989

75922.77 ¢, 1107 AT&T Technologies, Inc.

Notes



I

el

The right choice.

65169.121
O 1986 AT&T Technologies, Inc.

Notes
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DSP5600011 INTRODUCTION

* PRODUCT OVERVIEW

" 4 tl_ENERATION Digital Signal Processor

" GENERAL PURPOSE [user programmable]
- DSP56000 = ROM based version

- DSP56001 = RAM based version

" SPEED:

- 97.5 nsec Instruction Cycle Time (10.25 MIPS)

" PRECISION:

- 24x24 + 56 - - >Two 56-Bit Accumulators

" INTEGRATION"

-Core Processor has Three Parallel Execution Units

-Five(000)/Six(001) On-Chip Memories

-Three MCU-Style Peripherals On-Chip

-Full Speed Memory Expansion

" TECHNOLOGY:

- 1.5 u, 2 Layer Metal, HCMOS Ill Process
- 285K Transistors on a 445x 432 mil. Die

" POWER DISSIPATION:

- 500 mW Typical @ 20.5 MHz.

= PACKAGING:

-88 Pin Pin Grid Array & Surface Mount

" SAMPLES:

- Now

(_ R_OI"O.cltOLA _ DIGITAL SIGNAL PROCESSORS z



PARALLEL DATA MOVES J

SET

* SYNTAX:

Opcode Operands X Bus Data Y Bus Data

I MACj

Specifies:

XO,YO,A

"Data ALU Operation
"Logical Operation

X: (RO)+ ,XO Y:(R4) + ,Y0

i

Specifies:

° Optional Data Transfers

"Addressing Modes

° Address Space Qualifiers [X:,Y:,L:]

* OBJECT CODE FORMAT:

23
| I I

I [I I
Optional:

24- Bit

I

Data Bus Movement

I I I I I ! I I I I

87 0

I OpcodeI xlxlxlxlxlxl×Ix

Immediate Data or 24-Bit Absolute Address
I Hi I

MOTOROLA _ DIGITAL SIGNAL PROCESSORS



MOTOROLA DSP56001

]* BLOCK DIAGRAM]

I ADDRESS i "PORT ARITHMETIC

aor I UNIT(AAU) !-

HC_STI p-.-
is

Peripherals:
Host, SSI,

SCI, PIIO

Internal Data
SSI, Bus Switch
SCI And Bit

I

Manipulation
Unit

I I

III I

YAR
,, x,A,g, ,,

PAB I

,,._ ,I, I IX M_mory
r'rogram =

256 x 24
512 x 24 uiAROM

__j _56 x 24

XDB

PDB

GDB

__ rii' 

;Clock
Generator

PORT A
MEMORY
EXPANSION
BUS

_XTAL

EXTAL

Program i 'p n i !_rogram i__rooram _
i I ' ' I

i Address _ Decode _lnlerrupt ii •
i Generato _ 'i i Controlle_ i Controlle={
._ ................ ; I ' ' '............... I L .

PROGRAM CONTROLLER

' ' '" :)External
_1 Address
-I Address _ .._

Switc__h I(o

li,o.al
256 x 2, [ Controller] I

_ _ uala I

Switch
z4

DATA ALU

24x24 + 56-* 56 Bit MAC
............ J

.. ] ___m Accum _ s

I_oI] I MODB

' fR--Q-,_/ MODA

RESET

16 Bits

24 Bits

--_'_'_=_t'), a . .- qI(;IT/_L SIGI ALI PROFESSIORS,



DSP56001 MEMORY MAP

* MODE 0:NORMAL EXPANDED & INTERNAL RESET'

$FFFF

$01FF

$003F

$oooo

PROGRAM

MEMORY SPACE

Program

RAM

Interrupts
........"R6_t- ........

SFFFF

$FFC0
$FFBF

$01 FF

$017F

$00FF

$0000

X DATA

MEMORY SPACE

On - Chip

Peripherals

+ A- Law/U n

+ Mu - Law/Lin

Internal
X RAM

SFFFF

$FFC0
$FFBF

$01FF

$00FF

$0000

Y DATA

MEMORY SPACE

Full

* Sine-Wave

Table

Internal
Y RAM

$003F

$OO26

$(X)O0

Interrupt Map

Host
Commands

HOST Interrupts
SC! Interrupts
SSI Interrupts
Ext. Interrupts
SWl Interrupt
Trace Interrupt
Stack Interrupt
Reset

$FFFF

$FFE0

$FFC(

On-Chip
Peripheral Map

Interrupt Priority
Bus Control
SCI Interface
SSI Interface
HOST Interface
PI/O Interface

Reserved

Note:

Addresses $FFCO

through SFFFF in
X Data Memory are
NOT available

externally.

DE = Data ROM

Enable (Operating
Mode Register Bit 2)

I • MOTOROLA _ DIGITAL SIGNAL PROCESSORS



DSP56001 M EMO RY MAP

* MODE 2:NORMAL EXPANDED & EXTERNAL RESET

SFFFF

$E000

$01FF

$003F

$oooo

PROGRAM X DATA Y DATA

MEMORY SPACE MEMORY SPACE MEMORY SPACE

$ F F FF !_/__e/r_-_//_

$FFFF On-Chip SFFCO _e__s_ _SFFCO Peripherals

SFFBF _ SFFBF __

Program

RAM
$017F

$00FF

$01 FF
+ A- Law/Li n

+ Mu - law/t.in

Internal
X RAMInterrupts

$0000

$01 FF

I
$00FF

$0000

Full

Sine -Wave

Table

Internal
Y RAM

$003F

$0O26

$(X)O0

Interrupt Map

Host
Commands

HOST Interrupts
SCI Interrupts
SSi Interrupts
Ext. Interrupts
SWl Interrupt
Trace Interrupt
Stack Interrupt
Host Command

SFFFF

SFFE0

$FFCG

On -Chip
Peripheral Map

Interrupt Priority
Bus Control
SCI Interface
SSI Interface
HOST Interface

PI/O Interface

Reserved

Note:

Addresses SFFC0

through SFFFF in
X Data Memory are
NOT available
externally.

DE = Data ROM

Enable (Operating
Mode Register Bit 2)

(_ MOTOROLA _ DIGITAL SIGNAL PROCESSORS r,-J



DSP56001 MEMORY MAP

* MODE 3: EXTERNAL PROGRAM MEMORY

$FFFF

$01FF

$003F

$oooo

PROGRAM

MEMORY SPACE

X DATA

MEMORY SPACE

SFFFF

SFFC0
SFFBF

On-Chip

Pedpherals

$O0FF

$0000

Internal

X RAM

Y DATA

MEMORY SPACE

$FFFF

SFFC0
SFFBF

$0000

Internal

Y RAM

$003F

$OO26

$(XX)0

Interrupt Map

Host
Commands

HOST Interrupts
SCl Interrupts
SSi Interrupts
Ext. Interrupts
SWl Interrupt
Trace Interrupt
Stack Interrupt
Reset

SFFFF

SFFE0

SFFC¢

On-Chip
Pedpheral Map

lnterrupt Priority
Bus Control
SCl Interface
SSI Interface
HOST Interface
PI/O Interface

Reserved

Note:

Addresses SFFC0

through SFFFF in
X Data Memory are
NOT available

externally.

DE = Data ROM

Enable (Operating

Mode Register Bit 2).

__.B_,, MOTOROLA _ DIGITAL SIGNAL PROCESSORS _:



MOTOROLA DSP56000

I* BLOCK DIAGRAM 1

PORT

B or

HOST
$

ADDRESS

ARITHMETIC

UNIT (AAU)

Program

YAB

XAB

X Memory Y Memory

PORT A
MEMORY
EXPANSION
BUS

External

Address

Bus

Switch

Address

15

PORT

C &/or

SSI,
SCI

RAM RAM

k'°u".On- Chip ROM 256 x 24 256 x 24

Peripherals: K x 24 R0M ROM Controller--
Host, SSI, 256 x
SCl, PIIO

YDB
Internal Data Exlernal
Bus Switch XDB Data Bus

And Bit PDB Switch
Manipulation
Unit GDB

fc,oc.
_. IGenerat°r I

_XTAL

EXTAL

I

, , i , -,-,-Jor"rami Program ,i _Program i i ii i • •

i Address _ Decode _ Interrupt Ii i . i i i
=Generator. IController. iConlrolleF
L ............. l _ ................ I I I

PROGRAM CONTROLLER'

DATA ALU

24x24 + 56---* 56 Bit MAC

'.... -I .... ]- Two 56 Bit Accumulato_____rs

--/| /. i-RQ_/M-ODB _ 16 Bits

"' iRQA I MODA

.. FIESET _ 24 Bits,f_, =vwo'='CP"O, _I _ _i_--.._r---_--ir-_i{_-t q'n_T/t' Sl(?_'_.1_oqor=sspns tiq



I f ( I I I I f I I ; I i I f I i f I

MOTOROLA DSP56000/1

I* FUNCTIONAL SIGNAL GROUPS

Host Data

Bus
r,.,
-1-

I

o
.1-

Host Control

!

Address

Data

Bus

Conlrol

AO-A15

DO - D23

PS 4

DS 4

RD ",

WR 4

X/Y 4

BR

\ BG 4

Port B

-- Port A Port C--

DSP56000/1
[ 88 PINS ]

a "J

> >

.xo}" TXD

--" SCLK

SCO \

_- SCl

SC2

--,. SCK

SRD

" STD ..

SCI

Serial

SSI

Serial

MOTOROLA ":':__--,r" .... "--:"r-,--" .... _"-DIGITAL SIGNAL PROCESSORS Im_



_.t

0

0

I

r

m

Q
Z

r 0

0
0
m

0
_I_ ,--I

_, ,

O_ Os O_ O_ O= Os O! O! O! O_ O! O_ O_

0_, 0 _.O_ O_ O_ Oo _,0_0_0_

O! O_ °= o < e.- ol

o s o'oi
ot o-.- OilOil
o.-o: o o!o 

':' "0

0.> 0.> 0 <

O_> 0.> 0=_

O_

O_ Oo-

0_ 0_, 0_,,Os O_

< o!oi
m,m, II

O_ O_

o<o- o!1
olio=_=1

el el o_o{,
0 <Oi O.= O.= O_=O.=

- X _ _

()_,()=_ld)=-_O_O.. Oi O! (-)-FO! ()._ 0 -=O.= (.).=

' ' ' ' _ I ! I I I I I

0

QI,

I0_
"D
0"I
O'J
0
0
0

"D
_m

_D

-<



, u i I I I I I [ I I I I I I I I 1 f

_ DATA ALU I

ADDRESS

ARITHMETIC
PORT

UNIT (AAU)B or

HOS"

,115_,_ On - Chip

Peripherals:

Host, SSl,
"-f-'] SCI, PI/O
POR T'
C or Internal Data
SSI &
SOl Bus Switch

And Bit

Manipulation
Unit

I I

MqZ_TOR()LA DSP56001
PORT A

MEMORY
EXPANSION
BUS

YAB :i Exlernal Ii lll i iiii i ii I i lU il •

.... _^" _I_ '°"I "
......... dd _._ress

! ......... p_B J ..... B._1_____| ..... , s,vi,c.1
Bootstrap Program X Memory YMemory
ROM RAM RAM RAM

256 x 24 256 x 24 IBos |_7_____.32 x 24 512 x 24 u/A R0M sine RoM Controller"
_25&x2_4__ 256_: L2_4__

YDB External J Data
XDB Data Bus

PDB Switch _IbJ, ;,DB

il --I ............. o , ....... •

• ' i i .iProgram. ,i i Program ,! , Program i DATA ALU

iAddress. _,_ Decode _ Interrupt ii
I I

L ........ i i ...........ICl°ck I i Generatoti , Controlle_ ' Controlle_ 24x24 + 56-, 56 Bit MAC

]Generator ] PROGRAM coNTROLLER I l Two 56 Bit Accumulators

AL 16 Bits

EX-FAL

MOTOROLA ' DIGITAL SIGNAL PROCESSORS Iln



D_SP_5_6.Q__LDATA_A__ALU

I* MULTIPLY - ARITHMETIC - LOGIC UNIT

24 bits

,--.--- 48 bits
56 bits

'__OT P pelined)

l_x i I I,_Y'[ 1

1
24 x 24

Fractional

Multiplier

+1

56- Bit
Arithmetic &

Logic Unit
R

24

LConvergent Rounding [ScalinForcing Function J---Mode gBits

Condition
Code Generator

Accumulator A I Accumulator B J

MOTOROLA _ DIGITAL SIGNAL PROCESSORS aN



May 13, 1987

Motorola, Inc.
300 Unicorn Park

Woburn, MA 01801

ph. (617) 932-9700

Dear

Thanks for keeping me involved in the conversations with the /×/

engineers regarding using the DSP56001 in their speech
application. Based on information'obtained from the last several

phone conversations, I can objectively say that the DSP56001 is a
better choice than the Analog Devices ADSP-2100 in their

application. Enclosed is the information requested on the

FFT performance which the DSP56001 can achieve. Please pass this
information to the engineers.

In sending this information, an important question came to mind

regarding the _ simulations comparing 24 bit arithmetic

(DSP56001) to 16 bit arithmetic (ADSP-2100). Is using the

Motorola software simulator package (SIM56000) or are they
writing their own simulation in C or Fortran to evaluate the

DSP560017 I strongly recommend that they use Mo;orola's SIMS6000

simulator software since the large 48 bit product with 56 bit

accumulation is accurately simulated by this package. It is

important to ensure that the DSP56001 arithmetic is being

accurately simulated for a fair comp%rison.

A simple test program was written to indicate the signal to
quantization noise ratio (SQNR) performance of the DSP56001 for a

typical FFT application. A block diagram of this test program is

shown in Figure i, where DSP56001 code implements the spectral

analysis algorithm above the dashed line. A sinewave generator

macro (SINEGEN) was used to generate a 16 bit complex test signal

consisting of a real 16 bit sinewave with a frequency of 0.16666

fs and an imaginary 16 bit sinewave with a frequency of 0.235 fs,

where fs is the sampling frequency. This test signal will allow

us to see any intermodulation effects caused by arithmetic

errors. The 16- bit 8inewaves are placed in the --16 least

signlficant bits of the 24 bit data word to simulate a 16 blt A/D
input to the FFT system. A Blackman-Harris 4 ter_ mlnimum

sidelobe window generator macro (W BH4M) was used to window the

data before the FFT. This wlndow-has one of the best sidelobe

attenuations (-92 dB) available and its spectrum will hopefully
remain below the noise spectrum. Otherwise we would only see the

sidelobe spectrum of the window and not the spectrum of the



noise. After windowing, the FFT input is still in the 16 least

significant bits of the 24 bit data word. A 1024 point complex

FFT macro (FFT R2E) is performed with the DSP56001's native 24

bit fixed point arithmetic using no delta _. The 24 bit
twiddle factors are provided by a lookup table generator macro

(SINCOS). After the FFT, _he 24 bit magnitude of the spectrum is

calculated by .the DSP56001 using a magnitude s_auared macro

(MAGSQR) a_ a s._uare fOOt macro (SQRT3). Finally, the bit
reversed spectral magnitude is read out in normal order to a disk

file for plotting. Below the dashed line in Figure i, the VAX

plotting program takes the _arithm of the disk file data and

plots the results as the frequency spectrum of the test input.

Observation of the plotted spectrum shows several advantages of

the DSP56001o First, over 100 dB SONR. has been achieved using 24
bit data storage and 5]5 bit arithmetic. The noise level seen is

enp_u_tially the quantizatlon noise of tho simulated 16 bit A/D

• Typical SQNR for 16 bit machines is about _.5 dB SQNR for

fixed point with scaling by I/2 after each stage and about 90 dB
for full block floating point. Nots that 16 bit machines'_ill

need some form of scaling for overflow control with CODEC inputs

and 200 point transforms. The DSP56001 will not limit SQNR

performance even if 16 bit A/D conver_ers are used. The

sidelobes around the signal peaks are the 8idolobas of the window

rising above the input signal quantlzatlon noise. Second, no

intermodulation effects are seen• This is due to the large 56

bit accumulators and use of rounding. Third, no overflow

problems occur for large transform sizes (1024 points) with 16

bit input data because the 24 bit word size allows for 8 bits of

word growth. Finall_, no scaling, block floating point, etc.

needs to be p_ _'o achieve this level of performance.

System performance, execution speed, program size and algorithm

development time are all improved over 16 bit machines•

Regards,

Kevin L. Kloker

Principal Staff Engineer

Corporate Research Labs

cc: Jane Bates



,DSP56000/1 10P4 PT FFT TFST
16 Bit Reed and Imag Sinewave

SINEGEN

MACRO

MACRO

SINCOS Twiddle Factor Genera'don

FFT R2E / 9

MA(_R______O_O_ -V____-+im 2

DSP56000/1 CODE

Blackman-Harris 4 Term Minimum Sidelobe (-92 dB)W'_dow
m_

VAX PLOTTING

__ BIT- REV 1& OUTPUT /

PROGRAM
i

I

20 LOGIO& PLOT

J

0

,-q

L
O -SO
g

O.O 0.1 e.t O.) 0.4 e.s

IrlKeCRNCv ¢_ Or ea_PLIN¢, Irll[O )
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DSP56000/1 DATA ALU

PROGRAMMING MODEL

i' i "i i; i °!,Xl X0 Y1 Y0
23 0 3 0 23 0 23 0

Data ALU Input Registers

55 A 0 55 .B

7 0 23 0 23 ' 7 0 23 0 23'

R0

0

ii1!

Data ALU Accumulators

MO'/'OFtOL,A _ DIGITAL SIGNAL PROCESSORS !=



I I I 1 I I I [ I I I 1 I I I I I I I

DSP5600__. __/1DATA ALU

_
DATA REPRESENTATION = FRACTIONAL

Word Operand

0
-2

I I|

X! ,X0
Y1 ,Y0
A1 ,A0
B1 ,B0

I
I
I
I

-2

Long word Operand
Xt :X0=X
YI :Y0 = Y
At :A0 = At 0
B1 :B0 = B! 0

Accumulator

i
I
I
I .

+2
!

[ A or B] I, ,.21
I ___, .... I

_denlion

-23
2

. I
I

I

I
I
I
I

0 i12-24 2-47
III II I I I

I

0 _2-24 2-47
i I

' I' A0,B0A1,B1 i
I I I I • I IIII I I

(_ MOTOROLA _ DIGITAL SIGNAL PROCESSORS m
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I I I I I I I I I I I I I I I I I I

M,:)TOROLA DSP56001

_k PROGRAM CONTROLLER J

YAB

PORT A
MEMORY
EXPANSION
BUS

External
ADDRESS XAB Address Address

PORT ARITHMETIC
Bus _ "_

B or UNIT (AAU) Switch /

Bootstrap Program X Memory YMemory

,, 256 x 24 256 x 24 Bus
Peripherals: 32 x 24 512 x 24 U/A ROM sineRoM

PORTLSCI, PI/O
YDB

C or Internal Data External

SSI & Bus Switch ' XDB Data Bus

SCI And Bit PDB Switch

Manipulation
Unit

, i i_Program i i Program i , !Program DATA ALU
• I • I I

.___IA_h4ress" ' i ,• _ Decode _ Interrupt i
_----- ' ' i Controlle#; 24x24 + 56-, 56 Bit MACClock i Generato_ i Controlle_ iL ................ ; L .................. ; _..

:Generator- r -E:)_AXLT'AL I -- _ P " O G " " " CONTROLLER I'--I ':_ :i-'-T -" 'i R Q _I iRQB / "OD"/ " O D "TWO 5 6 " ' ' Accumulator" I 16 Bits

(_ _IrOrORO[../l_l ' IGITAL SIGNAL PR_S?_I_'_Iil•j



DSP56000/1 INTERRUPT STRUCTURE

l* INTERRUPT SOURCES

VECTOR
ADDRESS INTERRUPT SOURCE

P; $0000 Hardware RESET
$0002 Stack Error
$0004 Trace
$0006 SWl
$0008 IRQA
$000A IRQB
$000C SSI Receive Data

$000E SSI Receive Data with Exception
$0010 SSI Transmit Data

$0012 SSI Transmit Data with Exception
-_ $0014 SCI Receive Data

_- $0016 SCI Receive Data with Exception
$0018 SCl Transmit Data
$001A SCI Idle Line
$001C SCl Timer
$001E Reserved for H/W Development
$0020 Host Receive Data
$0022 Host Transmit Data
$0024 Host Command (default)
$0026 Available for Host Command (AHC)
$OO28 AHC
$002A AHC

I I
I I
I I
I t
I I

i

$003E AHC

Status

Status

Status

INTERRUPT LOGIC LEVELS

-Internal interrupts are LEVEL sensitive

-IRQA and IRQB are programmable"

LEVEL sensitive or negative EDGE triggered
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DSP56000/1 INTERRUPT STRUCTURE

* 4 PRIORITY LEVELS

LEVEL 3 (NON-MASKABLE)
- Highest Level

- Priority within Level 3 is Fixed as:

highest Hardware RESET

' Hardware DevelopmentI

w Stack ErrorI

* TraceI

' SWI
I

LEVELS 0, 1, 2 (MASKABLE)
- Priority Level is Programmable for IRQA, IRQB, HOST, SSI and SCI.

-Prioritized within each assigned level as:

highest _ (external interrupt)

' IRQB (external interrupt)I

,* HOST Command Interrupt

,' HOST Receive Data Interrupt

,' HOST Transmit Data Interrupt

a' SSi Rx Data with Exception

,t SSI Rx Data Interrupt

, SSi Tx Data with Exception

', SSi Tx Data Interrupt

' SC! Rx Data with ExceptionI

,' SC! Rx Data Interrupt

,' SCI Tx Data Interrupt

,' SCI Idle Line Interrupt

,' SCI Timer Interrupt

Interrupt

Interrupt

Interrupt
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DSP56000/1 INTERRUPT STRUCTURE

1" FEATURES OF LONG AND FAST INTERRUPTS i

1] LONG INTERRUPTS:

-- A JSR to the starting address of the interrupt service routine

is located at one of the two interrupt vector addresses.

-PC, SR are pushed onto the stack.

- The interrupt service routine can be any length and is

terminated by a RTI.

- The interrupt service routine can be interrupted

i.e., NESTED INTERRUPTS are supported.

2] FAST INTERRUPTS:

- A JSR to the starting address of the interrupt service routine

is NOT located at one of the two interrupt vector addresses.

- Processor status is NOT saved.

- Interrupt routine is TWO instruction words long

(one 2-word or two 1 -word instructions) and

auto- returns without a RTI.

- A fast interrupt is NOT INTERRUPTIBLE.

- PRIMARY APPLICATION is to move data between memory
and I/0 devices.
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DSP5600_O_Q_0J1INTERRUPT STRUCTURE
NORMAL INSTRUCTION TIMING

INSTRUCTION
CYCLE

FETCH

DECODE

EXECUTE

where n = normal instruction word

n3 n4 n5

n2 n3 n4

nl n2 n3

n6

n5

n4

n7

n6

n5

n8 n9

n7 n8

n6 n7

8

nl0

n9

n8

9 10

nll

nl0

n12

nll

nl0

FAST INTERRUPT INSTRUCTION TIMING

INSTRUCTION
CYCLE

FETCH

DECODE

EXECUTE

( Interrupt synchronized and recognized as pending)

n3 n4 iv1

n2 n3 n4

nl n2 n3

iv2 n5

iv1 iv2

n4 iv1

n6

n5

iv2

n7

8

n8

9 10

n9 nl0

n6 n7 n8 n9

n5 n6 n7 n8

where n = normal instruction word

iv = interrupt vector instruction word (no change - of- flow)

LONG INTERRUPT INSTRUCTION TIMING

INSTRUCTION

CYCLE

FETCH

DECODE

EXECUTE

1

n3

I I (
2 3 4

n4 iv1 ;iv2

n2 n3 n4 jsr

nl n2 n3 n4

where n = normal instruction word

5

il

!

jsr

6

i2
I

7

i3

8

n5

9 10

n7
I

n6

il rti - n5 n6

- il rti n5
t

iv = interrupt vector instruction word (change - of- flow)

jsr = jump to interrupt service routine instruction

i = interrupt service routine instruction word
rti = return from interrupt instruction
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DSP56000/1 HARDWARE DO LOOP

* OPERATION

Start of Loop:

1] SP+I - >SP; LA- >SSH; LC- >SSL; #xxx- >LC;

2] SP+ 1 - >SP; PC- >SSH; SR- >SSL; Expr-1 - >i_A;

3] 1- >LF.

End of Loop:

SSL(LF)- > SR; SP-1 - >SP; SSH- > LA; SSL- > LC; SP- 1 - > SP.

I* EXAMPLE of NESTED DO LOOPS i

DO #nl ,END1

E •MOVE"

END2 ADD A,B

----..- END 1

DO #n2,END2

A,X:(RO) +
X: (R1) + ,XO

,_,,_._ MOTOROLA _ DIGITAL SIGNAL PROCESSORS B"



HARDWARE DO LOOP

FEATURES

-- No Overhead Cycles (Looped code

runs as fast as Straight-Line Code).

- Looped Code Saves Program Memory.

- Supports Nested Loops.

- Supports Dynamic Loop Counts.

SYNTAX

DO

DO

#xxx,Expr ;(Static)

X: < ea > ,Expr ;(Dynamic)

Expr(ession)=assembler expression or absolute address
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DSP56000/1 PROGRAM CONTROLLER

* PROGRAMMING MODEL

5 1__2_ 1 0

PROGRAM STATUS OPERATING

COUNTER (PC) REGISTER (SR) MODE
REGISTER (OMR)

i

LOOP LOOP

ADDRESS (LA) COUNTER (LC)

31 16 15 0

i

i

-_Low
--(SSL) '---

SYSTEM STACK (SS)

15

STACK POINTER (SP)

I tI _ DSP56001 ONLY

,!,,_,,_ MOTOROLA _ DIGITAL SIGNAL PROCESSORS _



I I I I | I | I 1 I | I I I I I I I (

DSP51300(_/1 PRC)EIRAM CONTROLLER

STATUS REGISTER 1

Mode Register (MR)

II I I

1,5 14 13 12 11 ,,

[ |

-- Scaling

_ Reserved

_Trace

... Reserved

_ Loop Flag

Condition Code Register

0 9,sl/7, s

m

-- Interrupt Mask 1

Scaling Mode 0

Mode t

(ccg)
g I I I

, 5 4 3 2 1,,. oN

-I.---i,,I.Izlv i
L_,o ove,lo,,

_ Negative

_ Unnormalized

._ Extension

_ Limit

-- Reserved

Interrupt Mask 0
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PORT

B or

HOST

15
_ll--,p-f_ I

9

PORT

C or

SSI &
SCI

MOTOROLA DSP56E)01

ADDRESS ARITHMETIC UNIT I

On - Chip

Peripherals:
Host, SSI,
SCI, PI/O

tuJnLAr_Dnr" : " '' ' ' '"

ARITHUETI_I""" - "1 '"1 .... ' .... ' .....•

Bootstrap Program
ROM RAM

32 x 24 512 x 24

Internal Data

Bus Switch
And Bit

Manipulation
Unit

ICIock [
Generatorl......... I

l lx-rAL
' EXTAL

YAB
I i i ii

.XABPABI. _.l
Y Me_mo ry

YDB

XDB

PDB

X Memory
RAM

256 x 24

u/A ROM
256 x 24

GDB

RAM

256 x 24
sineRoM

256 x 24

, ' i i ,
i Program = i Program i i Program i

iAddress _ Decode _lnterrupt I
i i . i i i

_Generalo_ IConlroller i Conlrolle_
L ............. I ............. I t i

PROGRAM cONTROLLER

PORT A
MEMORY
EXPANSION
BUS

:i External Address

_1Address _ -.iBus

Switch

External
Data Bus

Switch

DATA ALU

24x24 + 56-" 56 Bit MAC

Data

...........;....
16 Bits

RESET

t_ M'r'='r#"_q("'. A - - -" "" p'ql]p', St_NAt DRI_PES_nR_ ='_

=aBe 24 Bils



_ I i I I i l i I I I I I I I

DSP56000/1 ADDRESS ARITHMETIC UNIT

BLOCK DIAGRAM

4-- ....... LOW GROUP *i* HIGH GROUP ---
I

I

I

PROGRAM IDATA BUS

!

GLOBAL DATA BUS

15 0 15 0

MO NO

M! Nt

M2 N2

M3 N3

Modulo

Arithmetic

Unit

RO

R1

R2

R3

R4

R5

R6

R7

Modulo

Arithmetic

Unit

High

15

N4

N5

N6

N7

0 15

M4

M5

M6

M7

0

Rn =Address Register

Nn = Offset Register

Mn = Modifier Register

MUX M_JX MUX
16 Bit

24 Bit

XA YA PA
I
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DS P56000_0gJ_t
ADDRESS ARITHMETIC UNIT

ARITHMETIC CAPABILITY

* Each Unit Can Perform:

1] LINEAR Arithmetic

R+/-N

2] MODULO Arithmetic

(R +/- N) rood M

Example" (3+4) mod 5 = 2
,,i,,

7_5 = 1 remainder 2

3] REVERSE CARRY
Arithmetic

(BIT- REVERSED)

R+/-N
rev

Example"

carry

0 1 0 1 (5)

+ o _ o o (4)
rev

ml I I I II

0011 (3)
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DSP56000/1 ADDR. REG. INDIRECT

ADDRESS MODIFIERS - LINEAR

MODIFIER

VALUE

0

1

2

32766

32767

MR ADDRESSING MODE

ARITHMETIC

Reverse Carry (Bit Reversed)

Modulo 2

Modulo 3

Modulo (Mn +1)

Modulo 32767

Modulo 32768

Reserved

65535 . ..Linear (Modulo 65536)
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DSP56000/1 ADDR. REG. INDIRECT -

* Linear Post Increment by Offset: (Rn) +Nn

Example: MOVE X0,X: (R2) + N 2

M2 must be l 11 ...... 111

R

T
,N2

X Memory

XD Bus

IX0 j

,-!-,,_ MOTOROLA _ DIGITAL SIGNAL PROCESSORS =



ADDRESSING MODES

SUMMARY __

ADDRESSING MODE

REGISTER DIRECT
e i

ADDRESS REGISTER INDIRECT
m l ii

No Update

Postincrement by 1
Postdecrement by 1

Postincrement by Offset Nn

Postdecrement by Offset Nn

Predecrement by 1

Indexed by Offset Nn
(Rn and Nn unchanged)

SPECIAL

Immediate Data
Absolute Address

Immediate Short Data

Short Jump Address

Absolute Short Address

I/O Short Address

ADDRESS
MODIFIER

No

Yes

Yes
Yes

Yes

Yes

Yes

Yes

No

No
No

No

No
No

ASSEMBLER
SYNTAX

any reg. name

(Rn)

(Rn) +

(Rn) -

(Rn) + Nn

(Rn) -.Nn

-(Rn)

(Rn + Nn)

#expr(ession) (24)

expr (16)

#expr (8,12)

expr (12)

expr (6)
expr (6)
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DSP56000/1 ADDR. REG. INDIRECT

* ADDRESS MODIFIERS - MODULO

MODIFIER

VALUE

MR

o

32766

32767

65535

ADDRESSING

ARITHMETIC

MODE

Reverse Carry (Bit Reversed)

• Modulo 2 .

Modulo3 _ _ _. i i

_. ::._. !_i/I ii_j i_..._..._

Modulo (Mn+li) I i_:.i i
• ::

Modulo 32767

Modulo 32768

Reserved

Linear (Modulo 65536)

_,_ MOTOROLA _ DIGITAL SIGNAL PROCESSORS I_



DS P560__6Q_Q 1ADDR. REG. INDIRECT

MODULO ADDRESSING

* What is it?

Address

Pointer

Circular

Buffer

UppertBoundary

M = modulus
J

Lower'Boundary

* Why use it?

Implements:
- FIFOs (queues)
- Delay Lines
- Sample Buffers

th
* Example: M Order FIR Filter

M-1

Y(n) =_, C(k) X(n- k) n =0,1,2,

k=O

I r

i A Techniqueto Simulate a Shift Register of Length M in RAM by simply _
I

i UPDATING a Pointer instead of Moving Data.
I

MOTOROLA _ DIGITAL SIGNAL PROCESSORS
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DSP56000/1 ADDR. REG. INDIRECT -

MODULO ADDRESSING - SET UP

1] Load Mn with M- 1

2] lnitiallize Rn

xx..xxO0..O0
-- k---

to any value between

and xx..xxO0..O0+ M- 1
---- k---

where k
2 > M

Example: if M=21, then 25 >21 so k > 5.

00...1000000

00...100000

00...00000

..........64

32

0

The lower boundary

power of 2 with five

can be any multiple of a

or more least significant zeros

3] Use Any Address Register

Note: I Nnl must be < M

Indirect Mode
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DSP56000/1 ADDR. REG. INDIRECT

_k ADDRESS MODIFIERS - REVERSE CARRY

MODIFIER

VALUE

MR

1

2
o

i

Q

32766

32767

65535

ADDRESSING

ARITHMETIC

MODE

Reverse Carry (Bit Reversed)

Modulo 2

Modulo 3

Modulo (Mn + 1)

Modulo 32767

Modulo 32768

Reserved

Linear(Modulo 65536)
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DSP56000/1 PROGRAMMING MODEL

DATA ALU
47

!3 X1

X 0 47

J x°1 I0 23 23

INPUT REGISTERS

Y 0

Y, °_ Yo I23 0

55 A

_7A2 0123 A1

0 55

0 23 0 7 0 23
ACCUMULATOR REGISTERS

B 0

I .o I
0 23 0

ADDRESS ARITHMETIC UNIT I
ADDRESS OFFSET MODIFIER
REGISTERS REGISTERS REGISTERS

15 0 15 0 15 0
R7 N7 M7

* UPPER
FILE

}PROGRAM CONTROLLER 1
15 0

I I
PROGRAM
COUNTER (PC)

15 8 7 0

I.. l c_.l
STATUS REGISTER (SR)

15 0

I I
LOOP ADDRESS (LA)

15 0

I I
LOOP COUNTER (LC)

31 SSH 16 15 SSL 01

15
'-"--I DSP56001 ONLYSYSTEM STACK I

2 1 0

OPERATING
MODE
REGISTER (OMR)

5 0

STACK
POINTER (SP)

m (_., MOTOROLA _ DIGITAL SIGNAL PROCESSORS •
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INSTRUCTION SET

* INTRODUCTION

MPU- Like

Makes Pipeline

62 Instruction

6 Groups

Invisible

Opcodes

- Arithmetic Instructions =

- Logical Instructions _

-Bit Manipulation
--Program Control
- Loop Instructions
- Move Instructions

Instructions
Instructions

[] Most of these instructions allow up to

two move operations (called parallel data

moves) to be executed concurrently with

opcode execution.
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DS P56000_0_/1INSTRUCTION SET
f

* ARITHMETIC INSTRUCTIONS(Dst = 56- bit A,B): -

Absolute Value

Add Long with Carry
Add
Shift Left and Add Accumulators

Shift Right and Add Accumulators
Arithmetic Shift Accumulator Left

Arithmetic Shift Accumulator Right
Clear Accumulator

Compare
m

Compare Magnitude
Divide Iteration E_

Signed Multiply- Accumulate

ABS
ADC
ADD
ADDL
ADDR
ASL
ASR
CLR
CMP
CMPM
DIV
MAC
MACR
MPY
MPYR
NEG
NORM

RND
SBC
SUB
SUBL

SUBR
Tcc
TFR
TST

Signed
Signed
Signed
Negate

Multiply- Accumulate
Multiply
Multiply and Round

& Round

Normalize Accumulator Iteration
Round Accumulator

Subtract Long with Carry
Subtract
Shift Left and Subtract Accumulators

Shift Right and Subtract Accumulators
Transfer Conditionally /_

Transfer Data ALU Register
Test Accumulator

/_ These instructions do NOT allow parallel data moves

_7_ Mo'roF_OLA _ DIGITAL SIGNAL PROCESSORS ¢¢



DSP56000/1 INSTRUCTION SET

I* LOGICAL INSTRUCTIONS (Dst = 24 -- Bit A1,B1) r

AND
AND!
EOR
LSL

LSR
NOT
OR
OR!
ROL
ROR

Logical AND
AND Immediate with Control Register _

Logical Exclusive OR

Logical Shift Accumulator Left
Logical Shift Accumulator Right
Logical Complement
Logical Inclusive OR
OR Immediate with Control Register
Rotate Left

Rotate Right

AThese instructions do NOT allow parallel data moves

T Except AND! and ORI
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DSP56000_J1 INSTRUCTION

PARALLEL DATA MOVES I

SET

* SYNTAX:

Opcode Operands

I MAC ,I

Specifies:

X0,Y0,A

= Data ALU Operation
"Logical Operation

X Bus Data Y Bus Data

X:(RO) + ,XO Y:(R4) + ,YO

I
Specifies:

" Optional Data Transfers

"Addressing Modes

"Address Space Qualifiers [X:,Y:,L:]

* OBJECT CODE FORMAT:

23

I I

|

Data Bus Movement

t ! I I I I I I I t ! I
Optional"

87 0
!

I Opcodet xlxlxlxlx!x!x!x

24-Bit Immediate Data or 24-Bit Absolute Address

i
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DSP5600__ _/1 INSTRUCTION SET

* BIT MANIPULATION INSTRUCTIONS (test mem)

BCLR Bit Test and Clear
BSET Bit Test and Set

B C H G Bit Test and Change
BTST Bit Test on Memory

Syntax: BCHG
BCHG

#n,X: < ea >

#n,Y: < ea >

JCLR Jump if
J S ET Jump if
JSCLR Jump to
JSSET Jump to

Bit Clear
Bit Set
Subroutine
Subroutine

if Bit Clear
if Bit Set

Syntax: JSET
JSET

#n,X: < ea > ,xxxx

#n,Y: < ea > ,xxxx
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DSP56000_J1 INSTRUCTION SET

I* PROGRAM CONTROL INSTRUCTIONS

Jcc
JMP
JScc
JSR
NOP
REP
RESET
RTi
RTS
STOP
SWl
WAIT

Jump Conditionally
Jump
Jump to Subroutine
Jump to Subroutine
No Operation
Repeat Next instruction
Reset Peripheral Devices

Return from Interrupt
Return from Subroutine

Stop Instruction Processing
Software Interrupt
Wait for Interrupt

Conditionally

Low power standby mode.
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DSP56000/1 INSTRUCTION SET

* LOOP INSTRUCTIONS

DO

ENDDO
Start Hardware Loop
End Current DO Loop

MOVE INSTRUCTIONS

LUA
MOVE
MOVEC
MOVEM
MOVEP

Load Updated Address
Move Data Registers ,_
Move Control Register
Move Program Memory

Move Peripheral Data

Equivalent to l Data ALU NOP',with
parallel data moves
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DSP56000/1

I* BLOCK DIAGRAM

INPUT/OUTPUT

EXT. ADDRESS
SWITCH

EXTERNAL
DATA SWITCH

BUS
CONTROL

HOST/DMA
PARALLEL

INTERFACE

SCI
SERIAL COMM.

INTERFACE
, ,.

SSI

SYNCHRONOUS

SERIAL

INTERFACE

PORT
A I/O

(47)

PORT
B I/0
(is)

PORT
C !/O

(9)

8

t

Default
Function

A0-A15

DO- D23

P_
DS

W_
BR
BG

Alternate
Function

8
PB0-PB7 " ." " H0-H7

PB8 , HAO
PB9 _ HA1
PB10 , HA2
PB11 ,, HR_
PB12 - RER
PB13 • RREO
PB14 _ R-A--C-K

PCO , RXD
PC1 - TXD
PC2 = = SCLK

PC3 -- = SCO
PC4 -- _ SC1

! _ PC5 _ _ SC2I
r _ PC6 -. = SCK
f _ PC7 = SRD

i = PC8 , STD
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DSP I PORT A

* BUS CONTROL REGISTER (BCR) I

IDSP56000/1 NORMAL EXPANDED MODE I

$FFFF

SFFC0

$2O0

$1 O0

0

X DATA

MEMORY SPACE

On-Chip

Peripherals

External
X Data

Memory

Internal

X ROM

internal
x RAM

I

I

I

!

!

i

+15 _ 121111

SFFFF

SFFCC

$2O0

$100

Y DATA

MEMORY SPACE

External 1

Peripherals _

r" _ I

4

!
!

External ,. ,
_ I

Y Data .,,

Memory "'i

/

: Internal
J

,; Y ROM

Internal
Y RAM

81J7

I

i

0 I.

SFFFF

PROGRAM

MEMORY SPACE

External

Program
Memory

I

$01FF(001) Internal

:{

f•

/", 0

," 4113 ', 0

Program
ROM

EXTERNAL
X MEMORY

EXTERNAL
Y MEMORY

EXTERNAL
P MEMORY

EXTERNAL

I/O MEMORY

PORT A - BUS CONTROL REGISTER (BCR)

* 0- 15 WAIT STATES Can Be Inserted Into Each External
Memory Access Category
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DSP56000/1 PORT A

* NO WAIT STATES (BCR = $0000)

ONE INSTRUCTION_
CYCLE

ONE CLOCK CYCLE.

INT. CLOCK PHASESTO

ADDRESS, PS, DS,X/__----_

WR

_)ATA OUT

T1

\

T2

r
/

T3 T0

×

/

T1 T2 T3 TO T1

/

\ . /

i, i

* Full Speed 10.25 MHz Instruction Execution
with 55 nsec Access Time 2016 And 2018 RAMs"

DSP56000/1

A0 - A9,
A10 ....

DO - D2 D

D$

WR

RD

55 ns $RAM

55 ns SRAM

• 1= A 55 ns sRAM

X DATA

Y DATA

C$ WE OE

'4, •

EXTERNAL DATA
RAM EXPANSION

3 -- 2K x 8 RAMs
ORGANIZED AS
1K x 24 X DATA
1K x 24 Y DATA

II _ Mo'riE)F_Oi.A _ DIGITAL SIGNAL PROCESSORS [



DSP56000/1 HOST INTF!RFACE

68000 TO

* Use MOVEP
WORD Data

DSP Example I

Instruction with WORD and LONG

Size to Transfer MULTIPLE Bytes

* 68020 can use DYNAMIC BUS SIZING to

Transfer Multiple Bytes with Any Instruction

MC68000!
IPLO-IPL2 q

A4 - A23

FC0-FC2

LDS

AS

DTACK =

BERR

R/W ,,

A1 - A3

DO -D7

I INTERRUPT

ENCODER

l ADDREssL_ -

'i" '
INTERRUP1

VECTOR
DECODE

j DTACK TIMING t
GENERATOR L

l F

DSP56000/1

HREQ

m

"HEN

I_
= HACK

HR/W

HA0, HA1, HA2

H0 -H7
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D SP_5__D_ _ 1 HOST INTERFACE

BLOCK DIAGRAM

RECEIVE

_ BYTE REGS.

_ m

_X_ " ,. ,' HTX

TRANSMIT
BYTE REGS.

' i $5 -

HOST '.

DATA 8
/

LCONTROL
H0 - H7 iRF_GISTER HC

_ COMM21_..
vEc...1oa "_ !

FSTATUS

I- "$_/REGISTER CONTROlLOGIC

- :_ VECTOR

i $3 REGISTER

I

DSP GLOBAL -

DATA BUS
i

TRAN S M IT
DATA

REGISTER

24

RECEIVE
DATA

REGISTER

CONTROL
REGISTER

STATUS
REGISTER
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I I I i I I ( I I i I I t i I I (611 I

DSP56001 HOST INTERFACE DMA

I* SYSTEM BLOCK DIAGRAM I

DATA

ADDRESS
ill I I

• CONTROL ,dk,
II I l _ I II

_ g

_,_I_:'_ i' T_u. "
z m _ Address

•",- !Decode

Byte I Long Word
DSP56001 Addressable System

Memory -L-i,i
8

'__' ' DMA _ M DMA Controller

_-_-_! - _-_
J_I=_'_1=° I__ o _-_'. T_,_er _ct0 ° I_J__. ,oI-='' _c _ I°=1===_ I==1_°,_ _olg" I=-°1_

\ */ i l
i To Bus Device Control Device htemupt

To Local Memory Arb.Logic Ch. 1 Contn_ Control

i_n__ MO'rofzOLA _ DIGITAL SIGNAL PROCESSORS



DMA APPLICATION

1" SUMMARY :1

Type: Device / Memory Transfem

Device : 8 - Bit DSP56001 Host Interface

Memory: Byte /Long Word Addressable System Memory

DMA Controller: MCG8440

(

Modes:

MC68440 = Burst

DSP56001 = Cycle Steel
Transfer = Single Address

Block

Bytes

Performance: 24-Bit DSP56001 word memory to memory every 1.6 us

(.

MOTOROLA _ DIGITAL SIGNAL PROCESSORS m



! I I I I I I

DSP56001
I I I I I I I i I I i I ,

BOOTSTRAP HARDWARE

* HOST MPU - MC68000-12

+S

IRQA

IRQB 47K_
_L

MODA

MODB

HEN

DSP56001

D23 HR_

H0- H7

HA0- HA2

_ AddressDecoder

/
/

3

/

LDS

A4-A23

MC68000- 12

DTACK

nfW
DO- D7

A1 -A3
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DSP56001 BOOTSTRAP ,HARDWARE

I* BYTE WiDE EPROM @ $C000 - $C5FF 1

+5

°!
AO-AlO _--S_

47K:_ DSP56001 IDO D7 2716

DO-D7 _ _

D23 _ +5
47K

* No Glue Logic

* tacc< 780 ns @ 20.5 MHz
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DSP56000/1 INPUT- OUTPUT

I* SERIAL COMMUNICATIONS INTERFACE [SCI]

* A 320 KBitPer Second, ASYNCHRONOUS Serial
Communications Interface to a Wide Variety
of Industry-Standard Devices, including:

m

m

MCUs
ACIAs
RS232
Remote

with Asynchronous Serial Ports
and UARTs
Lines and

Terminals
Modems
and Computers

* Super Set of MC6801 and MC68HC11 SCI

* MULTIDROP mode for Multi-Processor Systems

- TWO Receiver WAKE-UP Modes

1) Wake- up on IDLE LINE
2) Wake-up on ADDRESS BIT

- 'Wire OR' Mode

* On-Chip BAUD RATE
INTERRUPT TIMER

GENERATOR /

* 2.5 MBit per Second SYNCHRONOUS Serial Mode

- Compatible with 8051/96 Shift Register Mode

- Serial to Parallel / Parallel to Serial Function

- Useful for Bit Stream I/O

_ MOTOROLA _ DIGITAL SIGNAL PROCESSORS mr



DSP56000/1 INPUT / OUTPUT

I* SYNCHRONOUS SERIAL INTERFACE [SSl] i

* A 5 MBit Per Second Serial Interface to a
Wide Variety of Serial Devices, Including:

q_===

Industry- Standard CODECS
Time Division Multiplexed(TDM) NETWORKS
Serial Peripherals (A/D, D/A)
DSP to DSP Networks

Motorola SPI Peripherals, Processors (HC11)
Shift Registers, S to P, P to S

* 6 Pins STD SSI Transmit Data
SRD SSI Receive Data
SCK SSi Serial Clock

SCcO Ser!al Control 1
Ser!al Control 10 Depends on

SC2 Serual Control 2 SSl Mode

* On-Chip Programmable Functions Include:

1] Clock-Continuous, Gated, Internal, External

2] Bit Length, Word Length Sync. Signals

3] TX / RX Timing-Synchronous, Asynchronou.,

4] Protocol- Normal, Network, On- Demand

5] Word Length-- 8, 12, 16, 24 Bits

MOTOROLA _ DIGITAL SIGNAL PROCESSORS =



DS P560_g_0_0/1SSI

- l* CLOCK MODES

CONTINUOUS CLOCK
Data Changes

I

SERIAL CLOCK _j[___jr_L_L_._
I

Data Stable

- FRAME SYNC L J [

- SERIAL DATA --_ Data y_ _ Data

* Separate Frame Sync Signal Indicates First
Time Slot in the Frame

* Continuous Clock Output is Required for
CODECS and can be used throughout the
System

GATED CLOCK

SERIAL CLOCK_____Lr_

SERIAL DATA

Data )

Data Changes
I

DataI Stable

_. Data

* Word Synchronization is Inherent in the
Clock Signal

* Protocol must provide Frame Synchronization
* Uses Only 2 Interface Pins per Channel
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DSP56000/1 SSI

* NETWORK OPERATING MODE

FEATURES

= 2 to 32 TIME SLOTS Per Serial Frame for

TIME DMSION MULTIPLEXED ('rDM) I/O

"Data may be Transferred EVERY TIME SLOT

"COMPATIBLE with BELL and CCl-l-r PCM Protocols

- 8 Bits per Word
- Bit or Word Frame Sync
- MSB First

- 24 or 32 Words per Frame

- Signaling Frame Sync Generation and Detection using Flags

"TIME SLOT ASSIGNMENT ('rSA) is Totally under SOFTWARE CONTROL

- Devices can Transmit on Multiple Time Slots

-Devices can Receive Multiple Time Slots

-TSA can be Changed Dynamically

* OVERRUN and UNDERRUN ERROR DETECTION

FOUR TIME SLOT NETWORK EXAMPLE

SERIAL CLOCK ___ Ii,,__._

FRAME SYNC _ __

Internal Tx Flags

& Interrupts 1` I' 1' 1` ;

SERIALDATA_ Slot_ _ Slot2 X Stot3 X Slot4 X Slot1 ,_--__S
Internal Rx Flags 1` I' t' ; ,"

& Interrupts

_ IlIIIOTORtOLA _ DIGITAL SIGNAL PROCESSORS I_



DSP56000/1 SSI

t* DSP TO DSP SERIAL NETWORKS]

SSl TDM BUS DSP NETWORK

SERIAL SYNC .
SERIAL CLOCK 4

SERIAL DATA BUS II

_ios ssooo,so2sRoscKsTo
- DSP56000/1

STD
SRD
SCK
SC2

SSl TDM MASTER--SLAVE DSP NETWORK

MASTER TRANSMIT ,
MASTER RECEIVE ,

DSP56000/1 I

Master I

FLAG 0 . ,
FLAG 1

MASTER SYNC,
MASTER CLOCK

1
]

L
SRD

SCK_-_
SC2 I " I

SCO

.11

DSP56000/1

Slave 1

STD
SRD
SCK
SC2
SC1
SCO

m

4=-.m

4,--_

II--"1

1=
I

DSP56000/1

Slave 2

STD
SRD
SCK
SC2
SC1
SCO

.m

"I1i

DSP56000/1 :
Slave 3

STD
SRD
SCK
SC2
SC1
SCO

'L
b

i !
t--

l:
! i

" Flags can specify data types- control, address, data

- NETWORK CONFIGURATIONS ARE UNLIMITED l!
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DSP5600(I/1 SS!

* DSP to DSP SERIAL NETWORKS

SSI TDM PARALLEL PROCESSING NEAREST NEIGHBOR ARRAY

w

Control
Master

DSP56000/1
SRD STD

SC0 SCK
SCl SC2

DSP56000/1
SRD STD,

SO2

DSP56000/1
SRD STD

SCK

SC2

DSP56000/1
SRD STD

SCK

SC2

<

DSP56000/1

I

C--"-

il---m

Sedal Clock
Frame _ync

SCK
SC2

<

DSP56000/'1"

S R D STD

SCK

SC2

II=== m

i
t

I

I
I

i

i

i
;

$-- I

I

ilm. i m'

I

DSP56000/1
S R D STD

SCK

SC2

DSP56000/1
S R D STD

SCK
SC2

DSP56000/1
SRD STD

SCK

SC2

4--'-_

Note" Only one node connection is shown

" Flags (SC0, SCl) on Control Master control the Three State Buffers (<_)

" Synchronous Network Mode with Four Time Slots (N,S,E,W) per Frame
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BR2 ¢.

DSP ELECTRONIC BULLETIN BOARD

Dr. BuB is the name of the electronic bulletin
board dedicated to Digital Signal Processing (DSP)
at Motorola. This bulletin board offers the DSP
community information on Motorola's DSP
products, including:

• Current Documentation on
-- New Products

-- Improvements to Existing Products
• Application Notes

-- New

-- Updates to Existing Notes
• DSP Contest Information
• .Question and Answer Forum
• Confidential Mail Service

HOW TO MAKE AN APPOINTMENT

A user can access Dr. BuB from anywhere in
the world. To make an appointment with Dr. BuB,
you need the following equipment:

1. 1200-baud modem (Bell 212A or V.22)
2. Terminal or personal computer (PC)
3. Telephone line

With the above minimum configuration, you will
be able to read Motorola DSP information, post
questions and comments, and participate in
contests. However, if you acquire a file transfer
program such as XMODEM, YMODEM, or KERMIT,
you will be able to download documentation,
contest information, etc. * (The XMODEM programs
are generally bundled together with the purchase
of PC modems.)

Some programs designed for PC-to-PC file transfer may not fulfill the
interface requirements of Dr. BuB.

After obtaining the hardware and ensuring that
it is operating properly, use the following procedure
to log on:

, Dial (512)440-DSP1 (440-3771) to access
Bell 212A modems, or (512)440.DSP2 (440-
3772) to access V.22 modems. BE SURE
TO SET the character format to 7 data, even
parity, 1 stop bit.

. Now the tricky part...
Once the connection has been established,
the computer will respond With "Dr. BuB
Iogin:". You need to type guest followed by
a carriage return.

. DO NOT BE CONFUSED if "password:"
appears on the screen. Simply hit a carriage
return and wait for "Dr. BuB Iogin:" to
reappear.

. Finally, you will be asked to identify your
"terminal type." Terminal Type is one of
two things:

dumb, if you have NO terminal emulation
software,

or

the type of terminal you are using or
emulating in software on your PC. A brief
list of the most common terminals emulated

is displayed to assist you in wording your
entry.

5. Make the appropriate menu selections.

The first two screens the user will encounter
are presented on the back of this sheet.

©MOTOROLA INC. Ige6
MOTOROLA



DSP56000/1 FIR FILTER PROGRAM

DATA MEMORy

X DATA

ORGANIZATION

Y DATA

r0

modulo N

!iiiX:_iiiiii_!

!!il

data + N - 1

data

r4,

modulo N

i!ii!iili!ili!!ii!iii!i!iiiii!i!
_!_i_COEF

_ii i_

coef + N - 1

coef

start

fir

move #data, r0
move #coef, r4
move #N - 1 ,m0
move m0,m4

movep
clr a
rep m0
mac x0,y0,a
macr xO,y0,a
movep
jmp fir

x:input, x: (r0)
x: (r0) - ,x0

x:(ro)-,xo
(ro)+
a,x:output

y: (r4) + ,y0

y: (r4) + ,y0

EXECUTION TIME: For the "fir" loop, N + 9 instruction cycles.
SAMPLING RATE fs: Assuming N = 32 and a 20.5 MHz clock, fs = 250
PROGRAM MEMORY: 11 words.

KHz.
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DSP56OOO/1 IIR DIGITAL FILTER

Second--Order Biquad Z Transform

Y(z)
1-al z -1-a2 z -2

Second-Order Biquad Block Diagram

Digital
Input
x(n)

, - ] Digital
,, Output

1 'SAM b2

RE_Jjw(n- 2) _1

1

N Cascaded Biquad IIR Digital Filters

Digital ---t SIQUAD t-t BtQUAD _---Input FILTER 1 FILTER 2 t BIQUADFILTER N ___ DigitalOutput
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DSP56000/1 llR FILTER PROGRAM
m

IIR Filter Data Memory ,Organization

R0 ---

X DATA Y DATA

linear

wN(ni- 2)

++i_+(n+u+2)+

data + 2N - 1

data

+++i+i++ii+__i+i+i++

R4--,.

coef + 4N - 1

coef

start move #$ffff, m0
move m0,m4

iir move #data, tO
move #coef, r4

movep x:input, a
move x: (tO) + ,x0

do #N,end_iir
mac - x0,y0,a x:(r0) -,xl
macr -xl,y0,a xl,x:(to) +
mac x0,yO,a a,x: (to) +

mac xl ,y0,a x:(r0) + ,x0
end iir

rnd a

movep a,x:output
jmp iir

y:(r4) +,y0

y:(r4) + ,y0

y:(r4) + ,y0
y:(r4) + ,y0
y:(r4) + ,y0

EXECUTION TIME: For the "iir" loop, 4N + 13 instruction cycles.
THROUGHPUT RATE: Assuming a sampling rate fs = 8 KHz and a 20.5 MHz clock,

N < 317 cascaded biquads. Alternatively, assuming N = 5
(10th order filter) and a 20.5 MHz clock, fs = 310 KHz.

PROGRAM MEMORY: 16 words.
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DSP56000/1 FFT MACRO - MINIMUM CODE

£ftz2a. hip Tue Ms: 17 11:44:57 1987 1

Name: FFTR2A.ASM

Type: Assembler Macro
Version: i.I

Last Change: 2--0¢t-86

Description: Radix 2, In-place, Decimation-in-time Complex PPT Macro

This macro performs a complete Fast Fourier Transform (FFT] on complex

data. The basic algorithm is the Decimatlon-ln-time (DIT), Radix 2

FFT algorithm using 24 bit fixed-point arithmetic. The algorit_ uses

a sine-cosine lookup table for the FFT coefficients (twiddle factors).

The macro can be called to perform any FFT from 2-32768 points. Simply

call it with the arguments of number of FFT points, location of the

data array and location of the sine-cosine table. All register

initialization ks performed by this macro. However, the macro assumes

that registers which should not be altered by the FFT have already been

saved by the main program. This allows the user to fit the FFT macro

into his application and thus control the contex_ switching overhead.

No data scaling is perfocmed and no overflow detection is done.

Modifications to this routine could allow it to be used with the

scaling modes and thus allow dynamic scaling for each FFT pass.

All data and coefficients are complex, with the =eal par_ in X Data

memory and _he imaginary par5 in Y Data memory. For an N point P?T,

the data buffer requires N X Data and N Y Data memory locations.

The algorithm is performed "in-place", meaning that only one data

buffer is required for both input and output data. The input

data is assumed to be in normal (time-sequential) order and the

output is in bit-reversed order. By using the reverse-carry

add=ass modifier and a separate output data buffer, the output

data may be easily unscrambled. Other methods also exist to

unscramble the output data without a separate output data buffer.

The FFTR2A macro uses "twiddle factors" (-cosine and -sine tables)

stored in data memory. For maximum speed, the FFT macro performs

a lookup table operation to get new sine and cosine values for

each group of butterflies. A SZNCOS macro is available to

generate these tables. For an N point FFT, N/2 X Data and N/2

Y Data locations are required. Sine and cosine values could be

calculated in real-time to save data memory at the expense of

execution time.

The FFTR2A macro requires about 40 words of program memory foe any

size FFT from 2-32768 points. This is the most compact FFT routine
available for the DSP56000. Add/tional details are included in the

source file; however, more algorithm description would be :equi:ed

for complete understanding by typical users. A test program

FFTR2AT is included in the library to demonstrate the rFTR2A

calling procedure.
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DSP56000/1 FFT MACRO -- MINIMUM CODE

.2a. Tue Me= 17 lii:2g:5"/ 1987

move #points/2, nO
move #1, n2

move #points/4, n6
move #-l,m0

move mO, ml
move mO, m4
move mO, =15

move #0,m6

;Initialize butterflies per group

;initialize groups per pass

;initialize C pointer offset

;initialize A and B address modifie=s

;for linear addressing

;iniClalize C address modifier for

;:averse ¢ar:y (bit-reversed) addressing

; Perform all FFT passes with triple nested DO loop

#@cvi (_log (points)/_log (2) +0.5) ,end_passdo

move #data, r0
move r0,:4

lua (:0)+n0,rl

move #coal,:6

lua (=I)-,:5

move n0,nl

move n0,_4

move n0,n5

;initialize A input pointer

;initialize A output pointer

;initialize B inpuU pointer

;initialize C input pointer

;initialize B output pointer

;initialize pointer offsets

move z:(:l),_

move x: (:5) ,a
move z: (:6) +n6, zO

M:(:6),y0 ;lookup -sine and
; -cosine values

y:(r0),b ;praload data

;update C poinUa:

do n0, end bfy

mac zl,y0,b

mac= -z0,yl,b
subl b, a

mac -xl. xO, b
mac: -yl, y0,b

subl b, a

end: bfy
move a,z: (:5) +n5
move z: (:0_ +n0, zl

...end..grp
move nO, bl

Is: b .2,al

i:i a bl,n0

move a i, n2

_endpass
andm

a,z: (:5) +
z: (:0) ,b

x: (tO) +, a
z: (:1) ,xl
b,x: (:4)+

y: (rl) +nl, yl

y: (:4) +n4,yl

y: (rl) +,yl

y: (tO) ,a

b,y: (ri)
a, y: (:5)

;Radix 2 DIT

;buCCarf!y ke==e!

y:(cO),b

;update A and g pointers

;d/vide butterflies per group by :wo

;multiply g=oups per pass by two

EXECUTION TIME: For the "butterfly" loop, 6 instruction cycles.
THROUGHPUT RATE: For a 256 point complex FFT with internal program and data

and a 20.5 MHz clock, 814 user. For a 1024 point complex
FFT with internal program and external data and a 20.5 MHz
clock, 6.41 reset.

PROGRAM MEMORY: 42 words.
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DSP56000/1 FFT MACRO - FAST IO24 Pt.

f£tz2e, hip _ll_: 17 11:4(:10 1987 1

Naml: FFTR2.E.kSM

Type: Aasembler Macro
Version: 1.0

Last Cha.aqe: 4-Feb-e7

Description: 1024 PolnC, Non-ln-place, Complex FFT Macro

This FFT macro performs a 1024 point complex FFT on external data

using the Radix 2, Decimation in Time, Cooley-Tukey FFT algorithm [1][25.

The Cooley-Tukey algorithm is perhaps the simplest and most widely

used form of FFT. Here we demonstrate several programming techniques

a4_dmemory mapping s_¢ategies which take advantage of the DSP56000/I

architecture to perform very fast PFT's. It does not use straight

line code to speed up FFT's but rather exploits the use of the
dual internal data buses and memories and the ability of the external

bus controller to perform one external (off-chip) access without

adding any wait states.

FPTR2E sta_s by performing two Radix 2 passes on external data to

partition the 1024 complex points into four sets of 256 complex points

which can be processed independently. We take advantage of the fact
that half of the FFT coefficients (twiddle factors) are zero for _he

flrs_ two passes to reduce the number of operations by one half. The

remaining coefficients are +1 and -I, allowing add and subtract

operations to replace coefficient lookup table accesses. Because of

these fac_s, the ou_pu_ of the firs_ pass can be kep_ internal uo the

Data ALU and only the output of the second pass is written back no

memory. At this point all data ks still external. Note that the coding
of the firs_ two passes is written with only one external access per

instruc%ion. Assuming the FFTR2E macro is in internal program memo_],
this guarantees that external data can be accessed at the same speed as
in_ernal data.

Each set of 256 complex points is then moved into the DSP56000/I internal

dana memories and a Radix 2 FFT ks performed on-chip. Thus the

calculation is non-in-place since the internal data memories are used as

a temporary workspace. The first pass of each 256 point FFT reads the

external data input and writes the intermediate data into the internal

memories. All intermed/ate passes work on inte__nal data. However, the

output dana from the last pass of each 256 point FFT is written back no

the external data memories. Thus the output of the 1024 poinE complex

FFT overwrites the input data in external data memory.
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DSP56000/1 FFT MACRO - FAST 1024 Pt.

The _lemen_ation uses 24 bit fixed point da_a storage and 24 bi_

fixed poin_ FFT coefficients (sine and cosine lookup _ables) . The

Da_a &LU =aLu_a_ns 56 bit accu=ulacor precision whenever possL_le.

All data is complex, with Ehe rlal pa:_ in X OaCa memory and _he

imaginary paz_ in Y Data memory. The external da_a buffer requires

1024 X Data and 1024 Y Data memory locations. The algoriEhm is

peEfo_ =non-in-place", since the Internal DSP56000/I Data RAM's

aze _sed as add/tional workspace storage. The input data is assumed

to be in normal (time-sequential) order ana the outpuu is in hiE-reversed

Order. By using the reverse-carry address modifier and a separaEe

output daEa buffer, the output dana may be easily unscrambled. OEher

=mEhods also exist to unscramble Ehe ounpuE data wiUhouE a separate

outpu_ data buffer. For maximum speed, the FFT macro performs a lookup

Eable operaEion to gee new FFT coefficients (called Ewiddle fac_ocsl for

each group of butterflies. The FFTR2E macro uses "twiddle factor"

lookup tables (-cosine in X memory and -sine in Y memory) stored in

external data memory. A $INCO$ macro is available Eo generaEe these

tables. The -sine table requires 512 X Data locations and _he -cosine

table requires 512 Y DaUa locaUlons.

All register initialization is performed by this macro. However, the

macro assumes _ha_ Eegiscers which should not be altered by _he FFT

have already been saved by the main program. This allows the user to
Zit the FFT matzo into his appllcation and thus control the con_ex_

switching overhead. No data scaling is performed and no overflow
dmtecClon is done. MocLificaClons to this routine could allow At to

be us_ with the scallngmodes and thus allow dynamic scaling for

each FFT pass.

The I_E macro r=crulzes 104 vord_ of program memory. Using a

20.5 M_z DSP56000/I, the FTTR2E macro can perform a 1024 point

complex FFT in 3.39 millisecond=. Additional algorithm details are

included in the source file; however, more algorittun description

would be requized for complete understanding by typical users. The

test program FFTR2ET demonstrates the calling procedure for this

maCrO •

References

[11 Cooley, J. W., and Tukey, J. W., "An algorithm for the machine

calculation of complex Fourier series," Ma_h. Comput., vol. 19,

PP. 29_-301, April 19_5.

He,land, G. D., "A guided tour of the fasE Fourier Eransform, "

ZEEE Spectrum, vol. 6, pp. 41-52, July 1%69, also in Digiual

Signal Processing, edited by L. R. Rabiner and C. M. Radar,

IEEE Press, pp. 228-23%, I_72.
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DSP56000/1 FIT MACRO --, FAST 1024 Pt.

l£ta2e.m _ _ 17 l|:ll:OI lilt 1

; _is proqr&= orlginally available on the Motorola DSP bulletin board.

; It is provided under a DXSCLAMER OF RARRANTY available from

; Mo_orola DSP Opera_ion, E501 Rm. Cannon Drive W., Austin, Tx., 78735.

; 1024-Point, 3.3_ Non-ln-Place FFT.

; Las_ UpcLtte 04 Feb 83 Version 1.0

ff_=2e macro data, ¢oef

fftr2e Ident I, 0

; 1024 Point Complex Fast Fourier Transform Rounine

; This routine performs • 1024 point complex rFT on external data

; usinq _he Radlx 2, Decimation in Time, Cooley-Tukey FFT algorithm.

; Complex input and output dace

; Real data in X memory

; Imaglnary data in T =emery

; Normally ordered input data

; Bit reversed output data

; Coefficient lookup table

; -Cosine values in X memory

; -Sine values in Y memo=-J

; Macro Call - fftr2e data,coef

; data star_ of external data buffer

; ¢oef star_ of sine/cosine table

; Radix 2, Decimation In Time Cooley-Tukey FFT algorithm

i i

; I I

; ar,•i -->I Radix 2 I-----> ar',ai"

; br,bi----->l Butterfly I--> br',bi'

I I
A

I

wE, wi

ar # - •r + wr*br - wi*bi

• i" - ai + wi*b= + wr*bi

b=' - ar - wr*br + wi*bi - 2"a¢ - at"

hi' - •i - vi*br - wr*bl - 2*el - ai"
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DSP56000/1 FFT MACRO - FAST 1024 Pt.

; J_cL_ess poAntezs are organized as follows:

; z0 - ar, ai A_put pointer

: =1 - br,bl input pointer
; =2 - ezt. data base ad_ess

; =3 -coef. offset each pass

: =4 - az',ai' output pointer

; z5 - br°,bi ' output pointer
; z6 - v=,vi input pointer

; z? - not used (*|

; AlCers Da_a ALU Registers

; xl zO yl
; a2 al a0
; b2 bl bO

; Aiders Address Registe=s

nO - group offset mO - modulo (points)
nl - group offset ml - modulo (points)
n2 - groups per pass m2 - 256 p_ ff_ coun_e:
aS - coefficient base add=. mS - linear

n4 - group offset m4 - modulo (points)

n5 - group offset m5 - modulo (points)
n6 - coal. offset m6 - bit reversed

n7 - not used (*) m7 - not used (*)

* - =7, n7 and m7 are typically reserved foc a user stack poln_er.

y0
a

b

; =0 n0 m0

; =I nl ml
; =2 n/ m2

; =3 aS mS

; =4 n4 m4

; =5 n5 =5

; =6 n6 m6

; Al_ers Program Control Registers

; pc sr

; Uses 8 loca_ions on System S_ack

; La_est Revision - 4-Feb-07

--points equ 1024

intdata equ 0
move #darn, r2

move r2, r0

move t_po Ant s/4, nO
move nO, n4

move n0, n6

move #coal, n3

move #-po inC s-1, mO
move m0, ml

move m0, m4
move mO, =5
move #-i, ,-3
move 00,m2

move m2, m6

;nmnbeE of FFT points

;address of internal data workspace

;initialize input pointers

;initialize butterflies per group
;initialize pointer offsets
;initialize ¢oefficien_ offset

;initialize coefficient base address

;initialize address modifiers

;toe modulo(points) addressing

;linear addressing for coefficient base offze:

;initialize 256 point ffC counter
;initialize coefficient address modifie=

;toe reverse car.-y (bi_ reversed) add=esslng

MOTOROLA DIGITAL SIGNAL PROCESSORS []



DSP56000/1 FFr MACRO -- FAST 1024 Pt.

: Do first and second Had/= 2 FFT passes

move x: (tO) +nO,xO

_f= zO,a z: (rO} +nO, y1

do nO. _t_,opass

_f: yl.b x: (tO) +nO.yO

add yOra x: (:0) .xl
add xl,b EO, T.'4

add a,b (tO) +nO

suJ=l b,a b,z: (:0) +nO

=f: xO, a a, xO

sub y0, a

sub yO,b x0,x: (=0)

add a, b

subl b,a b,z: (=0}

_fr x0, a a, x0

add yO, a

add y0,b x0,x: (r0) +n0

add b, a

subl a, b

tfr xO, a

sub y0, a z!, b

sub yl,b x: (E0) +n0, x0

add a,b x: (tO) +nO,yl

subl b, a

if: x0,a

_twopas=

M: (:0) ,b

y: (=4} +n4, yO

y: (:0) +nO, zO

y: (:4) ,b

y: (:0) +nO, yO

y: (rO} +,xO

a,y: (r4) +n4

b,y: (r4) +n4

b,y: (r4) +n4

a,y: (r4] +

;aE+cr

;b:+d=

;at" - (at+or) + (bridE)

; bE" - (ar+Cr) - (bE+dr)

; ar-cr

;bi-d/

; or' - (at-or) + (hi-d/)

;dx" - (at-or) - (hi-d/)

;hi+d/

;ai+ci

;ai' - (ai÷ci) + (bi_di)

;bi' - (ai+ci) - (bi_di)

;ai-ci

; dr-bE

; ci' - (ai-ci) + (dr-bE)

;cLi'- (ai-ci) - (dr-bE)

; Do ramaining 8 FFT passes as four 256 point Radix 2 FFT's using internal da:a

; and external coefficients.

; Each 256 point Radix 2 FFT consists of 8 passes. The first pass uses ex:er.-.al

; inpu_ data and internal output data to move the data on-chip. Intermed!a:=_

; passes use internal input data and internal output data to keep the da:a

; on-chlp. The last pass uses internal input data and external output da:a

; tO move the data off-chip.

do #4, end fft

move r2,rO

move ml,r3

move #256/2,n0

move #1,n2

;do 256 point fft four times

;get external data input address for first pass

;update coefficient offset

;initialize butterflies per group

;initialize groups per pass

do #7, _end..pa s s

move #_intdata, r4
move n0, nl

move nO, n4

move nO, n5

lua (r0) +nO, rl

lua (r4) +n4, E5

lua (r3) +n3, :6

move (Er) -

do n2, ..end..g:_
move x: (El) ,xl

move x: (rr) ,a

move x: (=6) +n6, x0

;do first 7 passes out of 8

;initialize A output pointer

;initialize pointer offsets

:initialize B input pointer

;initialize B output pointer

;initialize W input pointer

y: (r6) ,y0 ;lookup -sine value

y: (:0) ,b

;lookup -cosine value

MOTOROLA DIGITAL SIGNAL PROCESSORS E"
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FFT MACRO - FAST IO24 Pt.DSP56000/1

do

subl

su_l

,rid.. bey
siQve

movt
lsz
lsl

move
Is=
_ve
_ve

_end pass

nO, ..end bfy
zl, yO,b
-xO,yl,b a,z: (=5)+ y: (=0) ,a
b,a z: (=O),b b,y: (=4)
-zl,xC,b z: (=0) +,a a,y: (=5)
-yZ,y0,b x: (=1) ,xl

b,a b,z: (=4)+ y: (=0) ,b

a, z: (=5) +n5
z: (=0) +nO, xl

nO,bl
b

a

b

;Radix 2 DIT butterfly kernel wi_h cons_an_

y:(rl}+,yl ;_widdle far:or

y: (=1) +nZ, yl

y: (r4) +n4,yl

;dummy load of xl and yl

n2,al ;d/vlde butterflies per group by =wo

bZ,n0 ;multiply groups per pass by _wo

=3,bl

al,n2 ;divide coefficient offse_ by _wo

b1,=3

#_in, dana,E0 ;intermed/a_e passes use in_ernai

Do las_ FFT pass and move outpu_ da_a off-chip _o external da_a memory.

move nl, nO
move =2, E4

lua (r0) +, rl

lua (r4) -n4, =5

lua (=3) ÷n3, =6

move (=5) +

move x: (=1) ,xl
move x: (=5) ,a

;co=zero pointer offset for las_ pass

;initialize A outpu_ pointer
;iniClalize B input pointer

;initialize B ouCpu_ pointer

;iniEialize W inpu_ pointer

inpu: _a_

do

mac
.us=:
subl

.u=¢
that=

=tLbl

laa_pass

_ve

_vq

_end_fft
end=

n2,_las_pass

xl,y0,b

-x0,yl,b
b,a

-xl, x0,b

-yl,y0,b

b,a

a,z: (=S) +n5
m2,=6
riG,n2

=3,=2
(=6) +n6
(=2) +.2
=6,=2

;Radix 2 butterfly kernel vi_h one bu_e:fly

;per group and changing =widdle fac_o:
z: (=6) +n6, xO
a,z: (=5) +n5
z: (=0) ,b
x: (=0) +nO, a

x: (=1) ,xl

b,z: (r4) +n4

y: (=1) +nl, y=

y: (=0) ,a
b,y: (=4)

a,y: (=5)

y: (=6), yO

y: (:0) ,b

;get £f_ court=e=
;get £f_ da_a input offse_

;external data pointer uses linear ari_._me_ic

;incr_men_ ff_ counter (bi_ reversed)

;point =o nex_ 256 point ff_ input data
;save fft ¢oun_e=

ru4 .O 
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- DSP5600011 FLOATING POINT LIBRARY (FPLIB)

_-*' I" PERFORMANCE (assumes 20.5 MHz.) I

Function Best case Worst Case Comment

(le)¢ ) (us) (IoF) (us)
R=A+X

R=Y+X

R=A-X

R=Y-X

R = A=X

R = Y'X

R=A+X'Y

R=A-X*Y

R = A/X

R = Y/X

eX
R=A=2

eX
R=Y'2

R= -A

R= -X

R=IAI

R=IXI

F=_ A->Roat A

F=( X - > Roat X

Float A->F=( A

Roat X - • F=( X

12 1.17

13 1.27

11 1.07

12 1.17

9 0.88

10 0.98

18 1,76

19 1.85

39 3.80

38 3.71

12 1.17

13 1.27

12 1.17

13 1,27

7 0.68

8 0,78

16 1.56

17 1.66

6 0.49

6 0.59

6 0.49

6 0.59

11 1.07

12 1,17

76 7.32

76 7.41

71 8.93

72 7.02

11 1.07

12 1.17

63 6.15

64 6.24

147 14.34

143 13.96

109 10.63

110 10.73

15 1.46

16 1.56

158 15.41

159 15.51

61 5.95

62 6.05

64 6.24

65 6.34

27 2.63

28 2.73

63 6.10

64 8.20

Compare; used to set

cordl_on codes: =, >, >, <, <

Scale A by the exponent of X

Scale Y by the exponent of X
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PI3  5 D Z0Jl COMPETITIVE ANALYSIS-

1" ON- CHIP RESOURCES-TI ]
i , ,.

T! TI
Resource 32010 32020

INSTRUCTION RATE (NSEC) 200

T! Motorola-
320C25 56000/1

200 100 97.5

DATA SIZE (BITS) 16 16 16 24

PROGRAM SIZE (BITS) 16

DATA RAM SIZE 144

DATA ROM SIZE none

PROGRAM MEMORY SIZE 1536 ROM

PROGRAM STACK DEPTH 4

16 16 24

544(256 can 544 2 x 256
be Prog.)

none none 2 x 256 "

none 4096 ROM 3840 ROM
or 512 RAM -

4 8 2x15

MULTIPLIER SIZE 16x16 16x16 16x16 24x24 "

MULTIPLIER INPUT REGS.

ALU SIZE (BITS)

1 1 1 4

32 32 32 56

ACCUMULATOR REGS. 1 x 32 1 x 32 1 x 32 2 x 56

ADDRESS REGS. 2 5 8 24

MEMORY EXPANSION 4 K 128 K 128 K 192 K

INTERRUPT SOURCES 1 7 7 18

ON - CHIP PERIPHERALS

PERIPHERAL REGISTERS

none 1S 1S , 2S slP

none 6 6 32

I/O FLAGS 1 1 1 24

PINS 40 68 68 88

TECHNOLOGY 2.7u NMOS 2.4u NMOS 1.8u CMOS 1.5u CMOS

MAX. POWER DISSIP. 1.4 W 1.8 W 1 W 0.5 W typical
@ 20.5 MHz.
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DSP56000/1 COMPETITIVE ANALYSIS

BENCHMARKS-Ti

Benchmark

NOTE: (S) = STRAIGHT- LINE CODE
(L) = LOOPED CODE

TI Ti

.32010 32020

TI Motorola

320C25 56000/1

Real FIR Filter
with Data Shift

0.4 usec(S) 0.2 usec(L)
0.8 usec(L) per tap
per tap(l) (4)

0.1 usec(L)
per tap (Int.

Data only)(7)

O. 1 usec(L)
per tap

IIR Biquad Filter

[lx3] [3x3] Matrix
Multiplication

2.0 usec(S) 2.0 usec(S) 1.0 usec(S)
(2) (4) (7)

5.4 usec(S)
(1)

5.4 usec(S) 2.7 usec(S)
(1) (7)

0.4 usec(L)

1.7 usec(L)

256 pt Complex
FFT

4100 usec(S)
(3)

2440 usec(S) 1500 usec (S)
(5) 3500 usec (L)

(7)

713 usec (L)

1024 pt
Complex FFT

31000 usec(S)
(3)

141 80 usec(S)
(5)

7100 usec(S) 3391 usec(L)

LMS Adaptive
Real FIR Filter

References

? 1.2 usec(S)
per tap

(6),(8)

0.4 usec(S)
0.6 usec(L)
per tap(S),(8)

0.3 usec(L)
per tap

(1) Digital Signal Processing Applications with the TMS320 Family, 1986
(2) TMS320(10) Product Description, TI SPRV001
(3) Details on Signal Processing, Issue 5, June 1985, TI SPRN005
(4) TMS32020 Product Description, TI SPRV002
(5) Details on Signal Processing, Issue 6, November 1985, TI SPRN006
(6) Electronics Magazine article, Feb. 3, 1986, pg. 23
(7) TMS320C25 Product Description, TI SPRV006
(8) Ti FYI Newsletter, Vol. 3, #2, Feb. '86.
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DEVELOPMENT TOOLS

* Macro Cross Assembler

* Software Simulator

* Applications Development System

MOTOROLA _ DIGITAL SIGNAL PROCESSORS I
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/t

t

t

t

/t

t

/It

/t

/t

Two Pass Absolute Assembler

Produces Object Code Compatible
DSP56000/1 Software Simulator

with

Runs Under:MS-DOS, UNIX[4.2BSD], VMS[V4.2]

Offers 6 Command Line Options: PIAC
-D, -L, -M, -B, -I. -0

Supports Nested Macros

Provides Modular Programming Constructs:
Logical Code Sections
Structured Control Statements

Provides 23 Powerful Utility Functions For:
Data Conversions from Floating Point to Integer and Valid Fractions

String Comparison
Common Transcendental Math Operations

Provides 41 Directives Including:
Define Modulo Buffer (Base Address, Range Check)
Define Bit-Reverse Buffer ( Power of 2 )

Supports

Supports

Provides
and

Conditional Assembly

Include Files

Extensive Error Checking
Error Messages:
Syntax and Source Field Consistency Checks
Instruction Sequence and DO Loop Restriction Checks
Range Checking on Buffer Allocation and Floating Point

to Fractional Conversions

MOTOROLA _ DIGITAL SIGNAL PROCESSORS aa"
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* Simulates Operation of the DSP56000/1

* Simulates on a CLOCK CYCLE Basis
-Provides Clock and Instruction Cycle Counts

* Runs Under MS-DOS, UNIX[4.2BSD], VMS[V4.2]

/t

/t

It

lk

_t

lit

Simulates IIO

Conditional or

Single Stepping Through

Program Patching Using
Assembler i Disassembler

Macro Command Definition

Including ON-CHIP Peripherals

Unconditional Breakpoints

Object Code

Single- Line

and Execution

Loading and Saving of Simulator Files

Session and/or Command Logging

USER FRIENDLY:
-Will display all registers in the programmers model format

-Will highlight those registers which have changed as a result of
executing the last instruction

-Will optionally display only the registers and memory which changed

-Provides HELP LINE and HELP FILE

-Will display the last 100 lines of display so the programmer can scroll
back through previous breakpoint displays and view the results of a
sequence of instructions. Umiting the number of displayed registers
allows more instruction traces to be displayed within the 1O0 line buffer.

MULTI YZ..E _5P_
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DSP56000/1 SIMULATOR (1.11)

* COMMAND MENUs I

1] msm break change copy disassemble display <space > =more

2] evaluate go help history input load log output path

3] quit radix meet save slep _fslem trace wait

4] AU=ln-up AN=ln-dn AT=pg-up AV=pg_dn AR=right AL=left

5] A H = del- Ill A K =del- rt A O = overwrite/insert ESC = clear command line

6] Al=lab_rt AE=ed A Z=del-eol CR = execute ? = more help

MOTOROLA _ DIGITAL SIGNAL PROCESSORS
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DSP56001 APPI ICATION DFVFI OPMFNT S..YRTFM

* DSP56001ADS HOOKUP TO USER PROTOTYPE BOARD I

/ .IBM PC I DSP56001 ADM

/ w_h >_3e_k I / _USER PBoRAROTDOTYPE

/ I_ of RAM I r- _:_*SK:::_::(4SNS)!:i:::::::::::::::::::::::::1 !i_ii_i::iiii_ii_iiiiii_i_i_iiiiii_i_iiiiii_!i::iii_i_!_ii:_i!ii!_i!iii_!i!_._!::_iiii!_:_iii!:_i:_i_i_::i!_:_!i
/ , . I //_ _::*2K:::M0n_::EPROM::I::::I I iiiiii::iliiii!iiiiiii:!_iDiAiiiii::::iiii:::::.i::iiiiii!:.iii::ii::ii::i!i

ii __-,,,_ _II., | ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!i::!_]I ..i_i!:.ii:.i!!!:.i:.i:.i!iii!!:_B_:i:i:i:i:i:i:!:!:i:i:i:i:i:i:i:i:!:i:!:i:i:i:i:i:i:i:i:!:!:i:i:i:III _.--t.: :.::,:::.:::.::.::::.::-::::: :.:-.::: ..:.:-".:-.:.:.:._-"-.-. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::)iiii_!i:!::_,_i_ii!__:_ion_!_i_i_!i!i_i_i:iii_i_ii_i_i_!_

/37 Conductor Cab,e _i!ii!iii::iiiii!_:_56_i!::.!!.ili!ii_i!ii_ ! iiiiiiiiiiiiiiiiiiiiliiiiii!iii_i!iiiiiiiif!i!iiiiiiiiiiiiiiiiiiiiiii!ili!ii!iii!iiii!!

INTERFACEcARD \ \ 96 Pin IEC 297 - 3 Euroclrd

MOLEX Pins - SCI, SSI, HOST Connector

COMMANDS:

Memory/Register Modification File I/O Exec,ution Control Miscellaneous

Assemble Input Break Evaluate Radix

Change Output Go Device System

Copy Load Force Quit Path

Display Log Step Help PC
Disassemble Save Trace

Mt'rr_l:lOLA _ DIGITAL SIGNAL PROCESSORS
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DSP56001 APPLICATION DEVELOPMENT SYSTEM

* MULTIPLE ADM HOOKUP I

!1 I!

PC INTERFACE

PC
Serial
Port

RS232 L 1
Host EVM

[ (68000, 68HC11, etc.)

Host Interface

56001 56001 545O01 560O1

ADM 1 ADM 2 ADM 3 ADM 8

PARALLEL INTERFACE CABLE
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TECHNICAL DATA

BR541/D

DSP56KCCx

Software Summary
DSP56KCCx
DSP56000/1 Family C Language Compiler
DSP56KCCx is a full Kernighan and Ritchie C implementation supporting development
of DSP56000 Family applications.

Features include support of:
• Structures/Unions

• Floating Point
• Pointer Variables

• In-Line Assembly Language Code Compatibility

• Full Function Pre-processor supports:
-- Macro Definition/Expansion
m File Inclusion
m Conditional Compilation

Low Compiler Overhead (approximately 20%)

Full Error Detection and Reporting

Order Number

DSP56KCCA
DSP56KCCB
DSP56KCCC
DSP56KCCD
DSP56KCCE

Operating System

DOS 2.X, 3.X
MAC OS 4.1
UNIX _ BSD 4.2
VMS 4.X
UNIX BSD 4.2

Ordering information:

Host Platform

IBM_-PC
Macintosh_ II
SUN-3 _
VAX _
VAX

Each package consists of:

• Software
-- C Compiler (CC56000)
-- Macro Cross Assembler Program (ASM56000)
-- Linker/Librarian (LNK56000/LIB56000)

• Documentation

-- DSP56KCC Compiler User's Manual
C Pre-Processor User's Manual

-- Macro Cross Assembler Reference Manual
-- DSP56000/1 Data Sheets
m DSP56000 User's Manual

IBM is a trademark of International Business Machines.

Macintosh is a trademark of Apple Computer, Inc.

SUN-3 is a trademark of Sun Microsystems, Inc.

UNIX is a registered trademark of AT&T.

VAX is a trademark of Digital Equipment Corporation.

This document contains information on a new product, Specifications =nd information herein are subject to change without notice.

MOTOROLA
©MOTOROLA INC., 1987
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TECHNICAL DATA DSP320to56001

Software Summary

DSP320to56001
Translator Software

The DSP320to56001 translator software will convert any 32010 code into code for Motorola's
powerful new digital signal processor chip, the DSP56001. The primary features of DSP320to56001
are:

• Translation of any 32010 applications software into DSP56001 source code

• Two modes of operation:
Translates to 56001 source code for potential optimization and assembly with the
DSP56000SASMA or DSP56000CLASA software

Translates and runs 32010 Code "as is" directly and immediately on the
DSP56000ADS, Motorola's DSP560001 Applications Development System

• Runs on IBM'-PC under MSe-DOS or PC-DOS

• C source code of DSP320to56001 program is provided on diskette
User may modify for 32020 and 320C25 translation
Third party vendors may contact Motorola for licensing details

• Registration card provided so users can obtain future optimized versions of DSP320to56001
software, hand-coded macro routines, etc.

MOTOROLA DSP DEVELOPMENT SOFTWARE
32010 TO 56000/1 CODE CONVERSION

HARDWARE REQUIREMENTS

The conversion programs are delivered on one double-sided, double-density 5 1.,'4 inch floppy
disk and may be run from either a floppy disk or a hard disk. They require only enough disk space
to hold the output of the converted source file.

The minimum hardware requirements for the conversion programs are:
IBM-PC, XT, AT, or compatible with 256K bytes of RAM and one 5 1/4 inch floppy disk drive.
PC-DOS/MS-DOS v2.0 or later.

The DSP56000 Application Development System (DSP56000ADS) is recommended as a devel-
opment tool for designing real-time DSP56000/1 signal processing systems.

IBM is a registered trademark of International Business Machines Corporation.

MS "-DOS is a trademark of Microsoft, Inc.

This document contains information on a new produc_, Specifications and information herein are subject to change without notice.

I _ MOTOROLA
c MOTOROLA INC., 1987
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DIGITAL SIGNAL PROCESSOR 560(X) FAMILY
INFORMATION PACKAGE

DSP56KPAK/D

DSP56000 Digital Signal Processor User's Manual

Motorola's Sizzling New Signal Processor

DSP56(X)l Advance information

DSP Competitive Analysis

DSP56000CLASx Software Summary

DSP56KCCx Software Summary

DSP56000ADS

DSP320to56(X)l Software Summary

Digital Sine-Wave Synthesis Using the DSP56001

Motorola/Tektronix Flyer

Momentum Flyer

DSP56200 Advance Information

DSP56200 Technical Summary

Dr, Bub

DSP56000UM/AD

AR237/D

DS P56001/D

B R526/D

BR541/D

BR517/D

BR522/D

APR1/D

DSP56200/D

BR283/D
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MOTOROLA'SNEW DSP ENGINE
COMESWITH FLOATINGPOINT

The company hangs on to the record for fastest
single-chip DSPs--its latest chip runs at 13.3 mips

II I

in the drive to push embedded proces-'sots beyond their traditional applica-
tions, Motorola Inc. is launching two

versions of a powerful new chip. The
DSP96001 and DSP96002 promise to
smash the speed records set by the
Schaumberg, IlL, company's own
DSP56000 single-chip digital signal proces-
sor two years ago. With that kind of per-

formance, the new device can compete for the same
high-end embedded control and processing applica-
tions that makers of specialized reduced-instruction-
set Computers and complex-instruction-set chips are
targeting.

The DSP96001/2 keeps the speed record for single

chip DSPs set by its predecessor, Motorola claims,
running at 13.3 million instrucdons/s compared with

ILMBIDDED PROCESSORS

10._ mips for the DSP56000 [Electronics, March 10,
1986, p. 30]. Sample quantities of the DSP96001/2 are
due by the fourth quarter.

If initia! performance specifications are any indica.
tion, the new DSP chip, which Motorola is calling an

"attached processor," will give competitors more than
a run for their money. At 13.3 mips, the 161-pin device
can execute a 1,034-point complex fast Fourier trans.
form in less than two milliseconds, a full 30_ to 35_;

faster than its predecessor. Featuring a peak perfor-
raance of 40 million floating-point operations/s with an
instruction execution cycle time of only 75 ns, the
DSP96001 can execute 66.66 million addresses/s exter-

nal, with an internal peak performance of 256.66
Mbytes/s. On-chip functions include a host central pro-

cessing unit and serial and synchronous-serial inter-
faces. On the DSP96002, the on-chip peripherals are
removed and a bus cohtroller and a second extended
address switch added.

The performance improvement comes from revamp
ing the architecture (see fig. D---up to a full 32-bit
implementatiorv-,expanding the data arithmetic logic
unit's register set from a 56- to a 96-bit-wide word
configuration. On-chip random-access and read-only
memories have also been expanded. An improved host
interface and a dual-channel, direct-memory-access
controller to support the higher bandwidth have been

added. In addition, an

FLOATINGPOINT ON AN EMBEDDEDPROCESSOR
I I II

[-°]GENERATION
UNIT

I

Y AOORESS BUS

X ADDRESS BU&

PROGRAM AOORE_ BUS

I/O PORT

0UAL-CNANNEL
DMA

CONTROLLER

INTERNAL
OATABUS
SWITCH
ANO BIT-

MANIPULATION
UNIT

PROGRAM X MEMORY Y MEMORY
512 '. 32.EFT §12 ,,32.BIT S!2 • 32-BIT

RAM RAM RAM
AND

32 • 32.BIT
BOOTSTRAP |12 x 32-BIT $12 x 32-BIT

ROM ROM ROM

0MA 0ATA BUS

Y DATA BUS

I_0GRAM 0ATA BUS

GLOBAL DATA BUS

ADDRESS I OECOOE

GENERATORJ CONTROLLER

PROGRAM CONTROLLER

tNTERRUPT

CONTROLLER

4

INTERRUPTS

EXTERNAL_

AODRE_
SWITCH

EXTERNAL DATA
DATA-BUS
SWITCH

C DEBUG 1

ONTROLLER!

SERIALDEBUG
$ PORT

32'|*TBUSES

on.chip barrel shifter
and a 32-by-32 multi-
plier/adder are now in-
corporated on-chip.
And the basic 56000 in-
struction set has been

enhanced to implement

fully the IEEE 754-
1985 standard for bina-

ry single-precisionand

extended single-preci-

sion floating-point
arithmetic.

The DSP96001 out-

does the DSP56000

when performingmany

DSP benchmarks, says

Bryant Wilder,manag-

erof digitalsignalpro-

cessing operations in
Austin, Texas. For ex-

ample, he says, a finite
impulse response filter
with data shift is per-

1. _ DS41_OOOtI| hits a

performance rate of 40 me-

gaflops by increasing Me

number of data buses, add-

ing a dual-c/_annel DMA

Controller, and incorDorat-

ing a multiplier ancl barrel

sl_dter into its data ALU.
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formed in 0.075 _s per tap, 25% faster than the
DSP56000 and 4 to 10 times faster than competitive

single-chipDSP circuits.
The most significantmodificationto the architect-are

has been in the registerstructureof the data ALU

porhon,says Kevin Kloker, principalstaff engineerat
thesystems researchlaboratory in Schaumberg. In the

earlier unit, the data ALU contained four 24-bit general

purpose input registers which cc_ald be _-eated as four
independent 24-bit registers or as two 48-bit treaters,
and six accumulator registers, four of which were 24
bits wide and two thatwere 8 bitswide.

To implementthe IEEE 754-1985standard for single

preRsion and extendedsingle-precisionbinary floaling-
pointarithmetic,the data ALU inthe 9600112 is orga-

nizedas one fileof ten 96-bitgeneral-purposeregisters
that can also be addressed as thirty 32-bit registers.

Also added into the ALU for the same purpose is a 32-
bit barrel shff_r, 32-bit adder, and 32-bit parallel multi-
plier.The widthofthe registerfilemeans thedata ALU

can do any mix of multiplication,addition,subtraction,

formatconversion,shifting,and logicaloperationsinone

instructioncycle.Multiplicationwithpositiveor negative

accumulation takes no more than two cycles,
To boostoverallperformance overthe DSP56(D0--by

up to 35%--to 13 to 14 mips, Motorola designers com-
pletely revamped the inte.ma] architecture on the
DSP96001/2. All of the buses, internal and external,

have been expanded to 32 bits--the DSP56000 had only
three internal and one external address

buses, which were 16 bits wide, and

internaland externaldata buses, which

were 24 bits wide. The total number of

internal buses has been upped as well,
from four on the DSP56000 w five on
the DSPg£_I/2. In additionto the bi-

directionalx and y databuses---thepro-

gram and globaldata buses---thechip
Ms<) has an additional bidi_nal bus

to accommodate the on-chip dual chan-

nelDMA controller.To givesystem de

signers even more flexibility, the _,_
DSP96(X)I/2 bus structure is designed
so that under certain conditionsand

with certaininstructions, the two 32-bit

x and y data buses can functionas a

single64-bit-widebidirectionalbus.

Also,says Wilder,the highlyparallelarchitectureof
the DSP56000 has been enhanced inthe DSP96001/2.

The data ALU, addressarithmeticunits,and program

controlleroperateinparallelwithinthe CPU sothatan

instructionprefeteh,up to three floating-pointopera-

tions,two data moves, and two address pointerup-

dates can be executed in a singleinstructioncycle.

These functionsmay use any of threetypes of arith-

metic--linear,modular,or reversecarry."Ithinkyou

willfindithard to dig up any RISC controller,much

lessany CISC machine, thatcan do anything compara-

ble,"says Kloker.

A dual-channelDMA controlleron the chipoperates

inparallelwith the CPU. The DMA controllerperforms

allthe addressstorageand effectiveaddresscalcula-

tionsthat are necessary to address the DMA source

and destination-memorylocationson two channels.
To supportitsuse inembedded controlapplications,

the DSP96001/2 also incorporateson-chipRAM and

ROM. Both the x-and y-dataRAMs contain32 by 512
bitseach,versus 24 by 256 bitson the DSP56000. On-

chip program RAM space has also been expanded,

from 512 by 24 bitsto512 by 32 bits.In addition,the

on-board x and y data boor.strapROM space has been
expanded, from 32 by 24 bitsto 32 by 32 bitseach.
Just as Motorola offered the 56-bit-word-wide

DSPS6000 as a single-chipalternativeto traditional8-

and 16-bitmicrocontrollerssuch as IntelCorp.'s8051

and 8096 inreal-timeevent-controlapplicationsrequir-

ing digitalsignalprocessing,a similarstrategyisbe-

ing takenwith the DSP96001/2 inthe high-endembed-

ded processormarket.Itisaimed atapplicationssuch

as graphicsand image processingand roboticsas well
as the more traditionalDSP applications--arraypro-

cessing,digitalaudio,instrumentation,medicalequip-

ment, and speech processing.Indeed,says Wilder,the
DSP96_I/2 shouldbe a realcontenderon two counts.

"Unlike most of the other offerings,we have not

given up on the single-chipsolution[butinsteadoffer]

a singledevicewhich incorporatesnot only the CPU

and some RAM and ROM, but program controland

floating-pointprocessingas well."

A second benefit is architectural flexfl)i]Jty. If, for

example,the system designerwants toembed the addi-

tionalprocessing func_ons within the host system itself.

SLAVEAND MASTER
I I

J MEMO

_ ACKNOWLEOG£
I I_ANDSHAKE

[ Os_asO0, F--q r---1
Aim'q RAMI I I/0 I

_-,.os, ,. uTa LTj"
o
, OPTIONALtOCat Bus

I

[ li r
dmqa

OSPC_O01

q"*io .os_'P=

I

b_
i

¢ The IN_16001 acts as an attache0 processor *n e,ther a host ,nterface slave (a) or s bus

interface master {b) configuration, snaring the system memory.

theDSP96001 would be used,configured as a hostinter-

face slave (see fig.2a) using itsown internalRAM

resourcesoradditionalRAM and input/outputresources

viaan optionallocalbus.Itcouldalsobe used as a bus

interfacemaster where itaccessesthe data and pro-

grams in the system RAM (see fig.21)).Where the

system designerwants to embed the additionalprocess-

ing ina peripheral,such as a printer, ratherthan the
host,the DSP96(}02would be used with additionalRAM

and ROM linkingtothehost CPU viasome externalbus
or network connection. -Bernard C Cole
For more _orw_o_, _ dMWo#_ _ m&c_4__ c4vd.

TECHNOLOGY TO WATC._ IS • regular feature of Electronics that

prOVtdes readers with exclusNe, in-depth reports on _rnportant

technw_al innovations from companms arour,_l the wortd. It

covers s_gnificant technology, processes, lU_ clevelopments

incorporatedin maior new products.
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ADDRESS
GENERATION
UNIT

PROGRAM
CONTROLLER
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Table 5.

Addressing Mode

Register Direct

Data or Control Register
Address Register
Address Modifier Register
Address Offset Register

Address Register Indirect

No Update
Postincrement by 1
Postdecrement by 1
Postincrement by Offset Nn
Postdecrement by Offset Nn
Indexed by Offset Nn
Indexed by Displacement
Predecrement by 1

Special
Immediate Data

Absolute Address
Immediate Short Data

Short Jump Address
PC Relative
I/O Short Address

Implicit

Address Modes Summary

Memory/RegistersModifier
MMMM S C D A P

i

Referenced

X Y L XY

NO x x X

NO x
NO x

NO x

Yes x x x x

Yes x x x x
Yes x x x x
Yes x x x x
Yes x x x x
Yes x x x x
Yes x x x
Yes x x x x

X

X

X

X

NO X

No x
NO x
No x
NO x
NO
NO x x x

X X X

X X

MOTOROLA ram= DIGITAL SIGNAL PROCESSORS aa
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TECHNICAL DATA DSP56200 _

Technical Summary,

Cascadable Adaptive Finite Impulse Response
Digital Filter (CAFIR)

This document provides a technical summary of the DSP56200, a Cascadable Adaptive Finite Impulse Response (CAFIR)

digital filter chip. For users not familiar with digital filtering, an appendix on this topic is also included.

The DSP56200 is an algorithm specific, digital signal processing (DSP) peripheral designed to perform computationally- ,

intensive tasks associated with digital filtering. Two principal functions are performed by the DSP56200 -- FIR filtering

and adaptive FIR filtering using the Least-Mean-Square (LMS) algorithm. A flexible chip-cascading scheme enables the

user to easily build filters with extended tap lengths and/or increased speed. Its performance, features, and simple inter-
face make the DSP56200 a natural solution for problems such as echo cancelling, telephone line equalization, noise can-

ceiling, conventional filtering, and many other DSP applications. Key features of the DSP56200 are:

• Three Modes of Operation

-- Single FIR Filter

-- Dual FIR Filter (Two Independent FIR Filters)

-- Single Adaptive FIR Filter

• High Performance Hardware

-- 24 x 16 Bit Multiplication with 40-Bit Accumulation

-- 10.25 MHz Internal Operation

-- Single-Cycle Multiply-Accumulate

-- Single-Cycle Update of a Coefficient

-- Ultra-Low-Power Standby Mode
256 x 24-bit Coefficient RAM

-- 256 x 16-bit Data RAM

-- Unused RAM Available for System Storage

-- 28-Pin Dual-in-Line Package

• Architecture Optimized for Digital Filtering

-- Three Execution Units Operate in Parallel
-- Multiple Internal Buses

• Digital Filtering Features

-- 16-Bit Rounding Option on Filtered Output

dc Tap Option

-- Programmable Filter Tap Length (4 to 256 Taps)

-- Programmable Loop Gain'

-- Programmable Coefficient Leakage Term'

Adaptation Disable Capability'

-- LMS Adaptation Algorithm'

• Unlimited Cascadability Offers _

-- Longer-Tap Filters

-- Higher Sampling Rates

• High Throughput Rates-- Examples of Possible Configurations

-- 227 kHz FIR Filter (32 Taps, 1 DSP56200)

-- 37 kHz FIR Filter (256 Taps, 1 DSP56200)

-- 115 kHz Adaptive Filter (256 Taps, 8 Cascaded DSP56200s)

19 kHz Adaptive Filter (256 Taps, 1 DSP56200)

Many Other Configurations Possible

• Simple Interface to Popular Hosts

Microprocessors

m Microcomputers

General Purpose Digital Signal Processors

'Options unique to adaptive filtering mode
ZThe DSP56200 implements a true cascade. A true cascade means that the error term in the adaptive filtering mode is calculated
from the partial sums of ALL chips in the cascade.

This document contain/information on a new product. Specifications and information herein are subject to change without notice.

MOTOROLA •
CMOTOROLA INC., 1986
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ARCHITECTURE DESCRIPTION

The DSP56200 offers two advantages over general pur-

pose DSPs -- higher performance and minimal devel-

opment time. The high performance of the DSP56200

results from an algorithm specific architecture featuring

three execution units -- the Asynchronous Parallel In-

terface, the Cascade Interface, and the Computation Unit

--which execute in parallel (Figure 2). Development time
is minimized because the DSP56200 is an off-the-shelf

chip which requires no software development. The al-

gorithms are implemented in hardware.

!
DATA BUS I / ASYNCHRONOUS< 17 INTERFACE

UNrT

INTERCHIP
COMMUNICATION

BUS

COMPUTATION
UNIT

CASCADE
INTERFACE

UNW

figure 2. Parallelism W'rthin the DSP56200

I
MOTOROLA
2

I

Careful design of the interface units has virtually elim-

inated the need for "glue" logic when interfacing to a

host processor or cascading DSP56200 chips. The Parallel
Interface resembles that of a fast static RAM, and allows

interfacing to fast, general purpose DSPs and MPUs hav-

ing tight timing requirements. The Cascade Interface per-

forms all the functions associated with cascading, thereby

simplifying the design of multi-chip systems.

The Computation Unit performs the arithmetic neces-

sary in FIR and adaptive FIR filtering (Figure'3). It contains

the hardware necessary for implementing a 256-tap FIR

filter with adaptation capability, including a 256 x 24-bit
Coefficient RAM, a 256 x 16-bit Data RAM, and an Arith-

metic Unit. The Data RAM is configured as a variable

length circular queue, allowing it to function as a virtual

shift register. The Arithmetic Unit configures itself for

both the LMS adaptation algorithm and the FIR filter cal-

culation, implements the available digital filtering op-
tions, performs 100 ns 24 x 16-bit multiply-accumulates,

and performs 100 ns coefficient updates. It is further de-

scribed in the INTERNAL ARITHMETIC DESCRIPTION.

MODES OF OPERATION

The DSP56200 is designed to operate in one of three

modes-- Single FIR Filter, Dual FIR Filter, or Single Adap-

tive FIR Filter. Functional diagrams of these three config-

urations are shown in Figure 4. Users unfamiliar with

digital filtering should refer to Appendix 1.

FIR filtering is a simple way to perform digital filtering.

The Single FIR Filter mode is used to implement one FIR

filter, either on a single chip or on several DSP56200s in

a cascade (with up to 256 taps per chip). Using software

design tools, filter coefficients can be calculated to obtain

the desired frequency response for performing functions

such as differentiating, bandpass filtering, and Iowpass

filtering. In this mode, the DSP56200 is configured to

implement the FIR filtering equation (see Appendix 1).
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The Dual FIR Filter mode is an extension of the Single

FIR Filter mode. It allows two independent inputs, xl(n)

and x2(n), to be FIR filtered using only one DSP56200.
Note that both filters must use the same number of taps

up to a maximum of 128. The DSP56200 is not adaptive
or cascadable in the Dual FIR Filter mode.

The Single Adaptive FIR Filter mode provides a unique
solution to problems such as echo cancelling and adap-

tive equalization of telephone lines. This mode is used to

I

x(n) --_ H(z) _ y(n)

(a) SINGLE FIR FILTER MODE

xl(n) "_ Hl(Z)
Yl (n)

/

x2(n) _ H2(z) _ Y2(n)

(b) DUAL FIR FILTER MODE

7

,,(n) ADAPT,VE (n)
d (n) FILTER

/
1¢1 SINGLE ADAPTIVE FIR FILTER MODE

Figure 4. DSP56200 Configurations

implement one adaptive filter, either on a single chip or

on several DSP56200s in cascade. Adaptive filters must

perform the FIR filter multiply-accumulate operation, fol-

lowed by an adaptation operation to modify the coeffi-

cients. The DSP56200 updates every filter coefficient once

during each sample period using the Least-Mean-Squares

(LMS) adaptation algorithm.

INTERNAL ARITHMETIC DESCRIPTION

The key to the accuracy of the DSP56200 is its Arith-

metic Unit. Accuracy is affected by the number of bits in

the coefficient and the errors due to rounding. In FIR filter

applications, the actual frequency response will deviate

from the user's desired response if not enough bits are

used to represent the coefficients. Wider coefficient word

widths also enable adaptive filters to more closely ap-

proximate a desired impulse response, resulting in smaller
error terms. Roundoff errors decrease as the size of the

accumulator and coefficients increases. The DSP56200

uses a 24-bit coefficient, and will accept data words hav-

ing up to 16 bits. The results of the multiply-accumulate
operation are stored in a 40-bit accumulator. Both the 16-

bit data samples and 24-bit coefficients are represented

as signed fractional numbers.

In FIR filtering applications, the filtering process is de-

scribed by the following equation:

N-1

y(n) = _- h(i) x (n-i)

is0

(1)

The "ith" coefficient is represented by h(i), and x(n-i)

represents one of the previous data samples. In this mode,

the Arithmetic Unit is configured as a multiplier-accu-

mulator as shown in Figure 5.

I I I

DSP56200 MOTOROLA
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+

I PERFORM ALL PR(X;ESSING I
ASSOC_TED WITH THE

CURRENT SAMPLE

Figure 7. Flowchart for Real.Time Systems

The formulas below are used to calculate the

DSP56200's maximum sampling frequency for a given

system. In many cases, this maximum rate can be in-

creased by cascading more DSP56200 chips together and

using fewer taps on each chip.

Where:

fck =

Maximum fs <_ fck/#cycles

DSP56200 input clock frequency

12+N+q : Single FIR Filter Mode
# cycles = 18+2N÷q : Dual FIR Filter Mode

17 + 2N + r : Single Adaptive Filter Mode

q = 129+n-N ::(29+n'N)>0otherwise

r = t30+n-N : (30+n-N)> 0
t0 : otherwise

n = Number of chips cascaded together

N = Number of taps used on each chip

The intermediate terms, q and r, can never be negative.

Also note that in Dual FIR Filter mode, N is the number

of taps available for each of the two independent filters,

and therefore N _ 128. Table 1 shows some performance

figures for the DSP56200 in different configurations as-

suming a 10.0 MHz external clock.

Table 1. DSP56200 Performance Figures

Single Chip

Maximum Sampling Frequency (kHz)

Mode

FIR Filter

Adaptive Fitter

Dual FIR Filters

Number of Taps

32 IN 128 256

227 132 71 37

123 69 37 19

122 68 36 --

Four Chips in Cascade

Maximum Sampling Frequency (kHz)

Mode

FIR Filter

Adaptive Filter

Total Number of Taps

128 256 512 1024

222 132 71 37

120 69 37 19

Eight Chips in Cascade

Maximum Sampling Frequency (kHz)

Mode

FIR Filter

Adaptive Filter

Total Number of Taps

256 512 1024 2048

204 132 71 37

115 69 37 19

Sixteen Chips in Cascade

Maximum Sampling Frequency (kHz)

Mode

FIR Fitter

Adaptive Filter

Total Number of Taps

512 1024 2048 4096

175 132 71 37

105 69 37 19

I I
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General Purpose/Telecom DSP Devices
II II I I II

Design Philosophy

1) Minimize System Cost:

a) Provide large amount of on-chip, high-speed memory, (including
masked instruction ROM).

b) On-chip serial interface.

c) Stand-alone or use as peripheral to existing microprocessor.

d) Provide different performance level devices; you only pay for the
level you need.

2) Code Efficiency:

>> Wide "microcode-like" instructions perform many parallel
operations. More functions packed into each instruction.

IL "_l i.d IW

3) Built for real time operation:

a) Predictable execution time -- one cycle per instruction: always.
(Including multiply/accumulate.)

b) Can be interrupt-driven.

c) Multiple functions/instruction means more functions/time.

' , f I I ! I I I I I I I I I I |
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General Purpose/Telecom DSP Devices

Relative Performance

Very High
Performancl

uPD77230, 77P230 ASP

(Advanced Signal Processor)

uPD77220, 77P220 ASP-FX

(ASP-FiXed point)

Medium
Performanc

uPD77C25, 77P25 SPI-PLUS

(SPI, PLUS memory and speed)

Low End
uPD7720A, 77C20A, 77P20 SPI

(Signal Processing Interface)



uPD 77C20A/20A/P20

FEATURES

ALL INSTRUCTIONS:250 NS (8 MHZ)

INTERNALPARALLELMULTIPLIER(250NS)

16 BITSx 16 BITS -> 31 BITS

INSTRUCTIONROM - 512 WORDS x 23 BITS

DATA ROM - 512 WORDS x 13 BITS

DATA RAM - 128 WORDS x 16 BITS

DUAL16-BITACCUMULATORS

MULTIPLEI/O CAPABILITIES

-SERIAL:8 OR 16 BIT

-PARALLEL:8 OR 16 BIT

COMPATIBLEWITHMOSTuPS, INCLUDING 8080/8085/8086/Z80

, _ _ I i I I I I I I I I I I I I I
I
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NEC's uPD77C25

CMOS

DIGITAL SIGNAL PROCESSOR

NEC ELECTRONICS INC.
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DSP Digital Signal Processing

uPD77C25/77P25

MAIN FEATURES

16-BIT CMOS SIGNAL PROCESSOR
CMOS EPROM VERSION

COMPATIBILITY WITH 7720
>> PIN-FOR-PIN COMPATIBLE

>=, SOFTWARE COMPATIBLE (SEE NOTE I)

HIGHER PROCESSING SPEED

122 NSEC INSTRUCTION CYCLE (8.192 MHZ CLOCK)

LARGER MEMORY SIZE
>> INSTRUCTION ROM: 2048 x 24B
>> DATA ROM: 1024 x 16B
>> DATA RAM: 256 x 16B

CMOS 1.6 um TECHNOLOGY

APPLICATIONS

MODEMS
SPEECH COMPRESSION
ROBOTICS CONTROL
AUDIO

POSITIONING OF 77C25 IN NEC'S DSP FAMILY

IMPROVED VERSION OF 7720 FAMILY

NOTE 1. 7720 SOURCE PROGRAM IS APPLICABLE FOR
77C25 ASSEMBLER

NEC Electronics, Inc.



DSP Digital Signal Processing _- ,,i--,........

_JPD77C25/77p25 DETAILED COMPARISON WITH 77C20A

77C20AJ77P20

TECHNOLOGY

INSTRUCTION CYCLE

INSTRUCTION ROM

DATA ROM

DATA RAM

FIXED POINT MULTIPLIER

ALU

ACCUMULATOR

HOST CPU INTERFACE

SERIAL INTERFACE

CMOS/NMOS

244 ns

512 x 23b

510 x 13b

128 x 16b

16b x 16b -> 31b

16b FIX. PT.

2X 16b

8 BIT BUS

INPUT/OUTPUT
1 CHANNEL EACH
2 MHz

TEMPORARY REGISTER ONE

ADDITIONAL INSTRUCTIONS -

DMA MODE

PACKAGE

POWER SUPPLY

POWER CONSUMPTION

m

28 PIN DIP
44 PIN PLCC

5V

40 mA (MAX)
8.192 MHz

CMOS/CMOS

122 ns

2048 x 24b

1024 x 16b

256 x 16b

16b x 16b -> 31b

16b FIX. PT.

2x16b

8 BIT BUS

INPUT/OUTPUT
1 CHANNEL EACH
4 MHz

TWO

JDPLN0
JDPLNF

modlflcatlonofRAM column

data polnterM8-MF

BIDIRECTIONAL

28 PIN DIP
44 PIN PLCC

5V

40 mA (MAX)
8.192 MHz

NEC Electronics, Inc.
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DIGITALSIGNALPROCESSING

uPD77C25/77P25 PIN ASSIGNMENTS

I I I I I i

BUS

INTER-
FACE

&

CONTROL

DMA

INTERFACE

INTERRUPT

RESET

CLOCK

{

DO --D7 SO

SORQ

SOEN

L=n_ SCK

A0 I uPD77C25 !
Sl

DACK

DRQ

INT

RST

CLK

P0

PI
)

SERIAL I/O

INTERFACE

OUTPUT PORT

uPD77C25/77P25 IS PIN-FOR-PIN COMPATIBLE WITH uPD77C20

NEE ELECTRONICS INC.
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DP

DSP Digital Signal Processing

uPD77C2X HARVARD

I
i
I
I

RAM

256 x 16
I

I

LOw I High

|

/
/
/
/
/
/
/
/
/

¢
/
/
/

MUX

ALU

Shift

ACC A

ACC8

ARCHITECTURE

K I.

_mm m

I
I RO I

Data

ROM

1024 x 16

(EPROM) °

RP
"V

• IzPD77P25

NEC Electronics, Inc.



I I I !

I]IGITALSlc,_az.PmCESS1_

I I I I I I I I

uPD77C2X MULTIPLIER INSTRUCTIONS

" " " t

MOV@KLR,MEM ADD ACCA,M DPINC RPDEC

Meaning:
Load one multiplier input from RAM; load the other from Data ROM;

Add product to Accumulator;

Move RAM column pointer• Move Data ROM pointer.

MOV @KLM,MEM ADD ACCA,M DPINC MI

Meaning:

Load one multiplier input from High RAM; load the other from Low RAM;

Add product to Accumulator;

Move RAM column pointer• Move RAM row pointer.

HEC ['LECTRONICS INC.



m, DSP DigitalSignalProcessing......... --[ ......... I

SPI/SPI+ COMBINATION INSTRUCTION

1. Load K Register
2. Load L Register
3. Multiply K & L register contents (automatic)
4. Load product in M & N registers (automatic)
5. Add product to Accumulator
6. Move RAM column pointer
7. Move RAM row pointer
8. Move Data ROM pointer
9. Return from subroutine

Any part, any combination, or all of the
above may be part of one instruction
which executes in one instruction cycle.

' _ _ ........ _, NEC Electronics, Inc. --=-
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uPD77C25 / 77P25 DEVELOPMENT ENVIRONMENT

ASSEMBLER

CCPIM

AND DATA /
[

!ASSEMBLER

_S

=,

r

i

WARE

B_TOR

EVAKIT
-77C25

i

ASSEMBLER ASSEMBLER

VAX_I

EPROM

VERSION

uPD77P25

MASK ROM

VERSION

¢PD77C25

i

!
I

i

i

SOCKET

ADAPTER

_r

PROM

PROGRAMMER
I

( 27C256A )



6/7
PRBOIIENNI PAGE BLANK NOT FILr_/tEL_

DEVELOPMENT SYSTEM CONFIGURATION

D
i

CONSOLE

HOSTMACH_E

CH1
C!12

CH3
PROM

PR_I

EVAKIT-77C25;

TARGET SYSTEM
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DSP D,o,,_s,o__o_s_,N_
I I I I I I I

EXISTING 7720 CODE CAN BE ASSEMB

BY RA77C25 RELOCATAB

MINOR ASSEMBLER

ED AS IS

LE ASSEMBLER.

DIRECTIVE CHANGES REQUIRED

77C25/77P25 IS DROP-IN COMPATIBLE

WITH 7720/77C20/77P20

NEC ELECTRONICS l._. NEC



uPD 7720/77C25- BENCHMARKS

7720 77C25

BiquadFilter(2ndorder)

FIRtap

Sin/Cos

u/Alawto linear

FFT(includingwindowing
bit reversal& I/0)

2.21us 1.1us

244ns 122ns

5.16us 2.5us

0.49 us 0.25 us

32-pt 1212us 553us

1024-pt 77ms 35.75ms

NEC
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Advanced Signal Processor

(ASP)

MCP-000715



ASP FAMILY IMPROVEMENTS

ASP
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WHY USE FLOATING POINT? NEC

FixedPoint -Signals PeakLimited [-1,+1]

Inputsare prescaled(precisionloss)

Prescalingintroducesroundoff&
truncationerror(whitenoise)

Alterstransferfunction (instabilities)

Signalsover/underflowbecauseof
limitedwordlength

Programmermustcreateoverflow
checkingroutinesto saturate(clamp)

Overflowcausesnonlinearerrorsand

additionalprogramoverhead

Floating-point

Higherprecision

Wide dynamicrange
1.7 x 1038to 3.5 x 10-46

Autoscaling



uPD77230 Features

32-Bit Floating Point Arithmetic Operation

-8-Bit Exponent, 24-Bit Mantissa

• Also 24-Bit Fixed Point Arithmetic Operation

External Memory Capability

-Ext, Instruction 4K X 32 Bits

-Ext, Data 8K X 32 Bits

MCP-O00716
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uPD77230 Features
,m

(cont)

• Large Capacity On-Chip Memories

-Data RAM 1K X 32 Bits

-Data ROM 1K X 32 Bits

-Instruction ROM 2K X 32 Bits

• Two Interface

-Master

-Slave

Modes

• Fast Instruction Execution"

150 ns/Instruction for ALL Instructions

MCP-000717



uPD77230 Features (cont)

• Single +5 V Power Supply (1

• CMOS Technology (1.5 um)

W typ )

• 68-Pin Grid Array

MCP-O00718
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Feature Comparison

Feature 7720A

On- Chip Memory
RAM 128 X 16

ROM Data 510 X 13

Program 512 X 23

External Memory

Data Memory None

Prog Memory None
Multiplier 16 X 16 ->

Barrel Shifter None

Working Regs 2 X 16

Aux. Regs 1 X 16
Internal Bus 16 B

ALU 16 B

31

77230

1K X 32

1KX 32

2K X 32

8K X 32

4K X 32

Mantissa 24 X 24 -> 47

Exponent 8B Adder

Exponent & Mantissa -> 55
47B

8X55

1X32

32B

55 B MCP-O00719



Feature Comparison ( cont )

Feature

Parallel I/O

Serial I / O

Interrupts

Interface

Performance

Cycle Time (ns)

Multiply / Accum

ADRS Compute

Technology Process

Supply Volts

Power Disp Typical

Package

7720A

1

8B

2 MHz

Maskable

Slave

250

250

Special But Limited

NMOS

5V

0.6 W

28-Pin DIP

77230

1

32 B Master

5 MHz

1 Maskable

Non- Maskable

Master / Slave

1,5

68 -Pin

150

150

Special

um CMOS

5V

1W

Grid Array
MCP-O00720
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ASP Floating Point Data Format

2's Complement Data

Exponent Mantissa

31 23 0
Internal Bus (32 Bits)

Exponent Mantissa

54 46

Processing Unit Bus (55 Bits)
0

MCP-O00721
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Internal and External Memory Map

Instruction Memory
0 2K 4K 8K

Internal
Instruction

ROM
Not Used

External
Instruction

Memory

32
bits

I '

PC12 = 0 I PC12 = 1 IAR12
I I

Data Memory I PC12=0 1 PC12=0AR12 AR -
" 1

Internal
Data
ROM

Internal
Data

RAM 0

Internal
Data

RAM 1

External Data
( High Speed

RAM Required )

External Data
( Low Speed

RAM)

0 1KO 5120 512 0 4K

32
bits

8K
MCP-O00723



uPD77230 ASP External Memory

• 8K External Memory Must be Shared by Instructions

and Data

-If 4K External Instruction Memory is Used, then 4K

Maximum Data Memory is Available

• External Instruction

Master Mode

Memory Available ONLY in

MCP-O00724
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uPD77230
ASP External Memory ( cont )

o High Speed RAM Area (Lower 4K )

- May Contain Data and/or Instructions

- Single Cycle Load of External Instructions
- 35 ns RAMs

- Two Cycle Load of External Data
- 150 ns RAMs

O Low speed RAM Area (Upper 4K)

- For Data Only

- Four Cylce/1 Instruction Data Load
- 450 ns RAMs

MCP-O00725



PU ( Processing Unit )

• 55-Bit Floating Point Operation

• 47-Bit Fixed Point Operation

• 47-Bit Logical Operation

• 47-Bit Barrel Shifter

"10

• 8 55-Bit Working Registers 1

|• Continuous Accumulation Capability
?,

• Specific Control of Transfer Between 55-Bit

Work.ing Registers and 32-Bit Bus
-B_t Reverse, Exchange, etc, _=

o

MCP-000727

m
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PU Block

RAMO,1 M IB

I P i _

8 ._8

I EAU I

d 18 Flags

1
55

/

I o I

iI
_I Barrel Shifter I

t J
4-47

Working Registers
8 X 55 Bits

Main Bus - 32 Bits MCP-O00728



PU Block

From DRAMO, 1

SUB Bus

/
32

6_rom M Register

MUX

P

47

PU Bus

Main Bus

P 32

EAU

",_ SVR

PSWOPSW1

TR

_1 ,c
sR

"/32

I

l i w._c
T

MUX MUX

BSHIFT

4?

SAC

ALU

55
WRO WR4
WR1 WR5

WR2 WR6
WR3

i

WR7

_" 55

MCP-O00729
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Floating Point Multiplier

• 32-Bit Inputs

• 8-Bit Exponent Adder

• 24-Bit Mantissa Multiplier

• 55-Bit Result

-8-Bit Exponent, 47-Bit Mantissa

MCP-O00730



Multiplier Block

FMain

55 ) 2_

RAMO

K

RAM1

÷
32

8

FMPY

"-_"_47

M "l

,,_24 _23

0

MCP-O00731
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Control Block

• System Clock Output

• Internal Serial Clock Generation

• Non-Maskable Interrupt

• Maskable Interrupt Which can be Memorized

• 20-Bit Status Register

• R/W Control for Access

External Memory

to/from

MCP-000732



Control Block

External Instruction
Memory

Instruction
ROM

i
32

Decoder

IB
( Internal

___Control
Signals

Bus )

Interrupt
Control

l l
M-INT INT To

112

/
13

1/13

Address
Bus

Stack
13

MCP-000733
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Control Block

Main Bus

PC12 _0Externallnstruction--_ [-_3_1 _De dJJ

I / ROM
/ 2 KW
32 32 BitX

12

External Address _- /
PCO-PCIO._I 1

13 LSBS j

13

/
32

" 13 LSBS

PCO-PC11
JPC (13 Bit)J

t t

AR12

R/W INT
CNT R/W CNT

System
Clock

t t /
IN'l: INTM 13

/ _ .ux/

8 x 13 Bit

MCP-O00734



Internal Data RAM

• Two Separately Addressable 512 Word Blocks

• Multiple Addressing Modes

-Base Register

-Index Register

-Base + Index Register

-Base Register Modulo Count

(21 _ 27 Wrap Around)

• Separate Bus to Multiplier and ALU

MCP-O00735
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Internal Data RAM Block

IB
( Internal Bus )

I

t

32

32

RAM 0

22 Bits XWords

RAM 1
f

9

/
9 T

I Base Register 0 i

/ i
_ ! Base,Index ]

I'nOex.e ,s,er0I
I

MCP-000736



Internal Data ROM:

• Two Addressing Methods:

-Addressing by ROM Pointer

-Direct Addressing by Instruction Field

• Special Modification Function:

-ROM Pointer 2 n Add Operation

• ROM Pointer Increment and Decrement

MOP-000737
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Internal Data ROM

Main
Bus

I

32
_ /

132

(1

/.oxy
T

(/0 LSBS

Data ROM
KW X 32 Bit)

in Instruction

! I Decode _--Add2n Fieldin Instruction

RP Mode in

/
10

Instruction

MCP-O00738



Parallel ! / 0

• Master Mode:

-32-Bit Data Bus Port

Under ASP Control

MCP-O00739
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Master Mode Parallel Interface

t Main Bus

Ad Register ]

2

I Data Register (DR) I

PC12I
-I

Pc J .

._12

Address Port

External

._13

Address Bus

113 32.,

I I Data

"1 Instruction Register I

32

Port I

External Data Bus

MCP-O00740



Master Mode Parallel Interface

©
I

u /

32

-- 32

DP _ DR

--r- --
PC12

L

M

' I/ _ IROM
32

,B
s 13 LSBS

Data
Memory

I

13

External _ _ On-Chip

Main Bus

I
._ lS LSBS

IS

STACK

I
MCP-O00741
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Stand Alone System Example

>
Data Bus

Master
ASP

•- D/A

A/D

i 32 1132 1116

Instruction
Memory

Data
Memory

Slave
ASP

MCP-000742



Parallel i / 0 - Slave Mode

8-Bit Local Data Bus (Controlled

-Programmable Data Length:

8, 16, 24, or 32 Bits

by ASP )

16-Bit Host I/0 Data Bus (Controlled

-Programmable Data Length:

16 or 32 Bits

by Host )

• Two General Purpose I/0 Ports

MCP-O00743
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Slave Mode Parallel Interface

"_ ,, Main Bus _

I.- 13

Ad
Register

Ii 13

Local
Address

Bus Buffer

._13

A0-A12

,,_132 1132

DR Register

t18

Local
Data Bus

Buffer

._8

D0-D7

DRS Register
Gen. Purpose I/0

I Set / Test Directlyby Instructions
I !
Flag Reg. Instruction

1116 112 iI 2

Host
Data Bus

Buffer

Input
Latch

._2

PO, P 1

Output
Latch

P2, P3
MCP-O00744



Slave Mode Parallel Interface

Host
CPU

System

P2.P3 2//

1100-t1015 /

-- RQM

DO-D7 8 /

LSSS

P13L_$

Data
Memory

t

_Bank J_x
Select

121/
AO-
All

m

RD

m

WR

..4----

External

AR12

AP

;

R/W
CNT

On-Chip

12

/
/

ARO-AR 11

AR12
RIW

Clock

IROM

PCO-PC 10 _11

PC
1(13 alt)J

T
INTCTRL

t t
IN--'i iNTM

Main Bus

__ ,,,, _" 13 L88S

MUX _/

I Stack
(SX 13

Bit )

/I
/
13

MCP-O00745
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Slave System Example

Memory

Local Address Bus

/
13

ASP

I Local
Data

Memory

Host
Processor

q
Host Data Bus

:D/A

A/D

Local Data Bus

MCP-000746



Data Port Structure (DP0 - DP31)

Master Slave

DO DO

D1 D1

D2 D2

D3 D3

D4 D4

D5 D5

D6 D6

D7 D7

D8 1/00

D9 I/0 1

D 10 I/0 2

Master Slave

D 11 1/03

D 12 I/0 4

D 13 1/05

D 14 I/0 6

D 15 I/0 7

D 16 I/0 8

D 17 I/0 9

D 18 I/0 10

D 19 I/0 11

D 20 I/0 12

D 21 I/0 13

Master Slave

D 22

D 23

D 24

D 25

D 26

D 27

D 28

D 29

D 30

D31

I/0 14

I/0 15

HRD

HWR

CS

REQ

PO 0

PO 1

PO 2

PO 3

MCP-O00747
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Serial I / 0

• Selectable Serial Clocks

-Internal or External

• Separate Operation of SI & SO

• Programmable Transfer Data Length

-8/16/24/32 Bits

• 4.13 MHz Serial Clock Rate

MCP-O00748



Serial i/0 Interface

Main
Bus

V " SORQ

32
/ SO SO

Shtfter

SOAKFlag_-J I SO IControl _
Internal

Serial Clock_ t

SI

SIAK Flag _-j

SOEN

Serial Output

SOCK

I S! I: SICKControl
i

Sh,fter,

t SIEN

Serial Input

MCP-O00749

L _ _ _ i I I I I i I I I I I I I I I



I I i I I I I I I I I I I I I I I I f

Instruction Types

Operation

31 27

i°,1

Instruction

15 13 10 5 0

i,iols.ci os.i
Branch Instruction

31 28 15 10 5 0

JMP] NA C Is.closTI

OP - PU Operation

CNT ,- Control Field

P - P Reg. Input Source

Q - Working Reg, Select

NA -, Next Address

C - Condition for Jump

Load Instruction

31 28

I LD I ,, Immediate Data

5 0

MOP-000750



Instruction Comparison

22

7_2oH A,UI

772303_ °' I

0

SRC DST

C.T I--COSTI

772oi p,coNoi .A i
7,2303` co.oi., isRclOSTi

22 I°STi ;7720I_01Literal Data

31

MCP-O00752 mc;
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Instruction Timing Comparison

7720
Instruction Fetch

Operation

Results

77230
Instruction Fetch 0 . D . _ ,, ,

Operation "_ _" D "_ ,_

+su,,s Z Z
MCP-O00753



Various PU Operations

• Floating Point ADD, SUB

• Fixed Point ADD, SUB

• Logical Operations

• N Value Shift or Rotate

• Working Register Clear

MCP-O00754
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Special PU Operations

• Data Normalization Instructions

• Rounding and Normalization Instruction

• Data Type Conversion

Floating _ Fixed

ASP _ IEEE Format

• Loop Counter Decrement

MCP-O00755



Branch Instructions

• Jump

• Conditional Branch

• Subroutine Call

• Return

• Local Branch

-OP Instr, Field: 9-Bit Address

MCP-O00756
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Literal Load Instructions

• Direct Data Load Capability:

24-Bit Word

32-Bit Floating Point Data Load

Capability Using TR Register

MCP-O00757



Instruction Examples

Biquad Filter Section

Difference Equations:

-- B2Wn_ 2
W n x n - B lWn- 1 + A2WnYn Wn+AlWn-1 2

Yn

MCP-000758
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Instruction Examples ( cont )

Biquad Filter

Memory Map

Section

Data RAMO Data ROM

O0

01

Wn- 1

Wn- 2

0 0

0 0

0 0

O0

01

02

O3

0

0

0

A 2

A 1

O

O

O

MCP-000759



Instruction Examples ( cont )

Biquad Filter Section

Initial Conditions: WRO

Program-

Step

1.

- X n, BP0 - OH, RP - OH

Mnemonics Comments

MOV LKR0, ROM K+ Wn_1 ; L+-B 1

CLR WR 1 clear WR 1

INCBPO BPO = 01H

INCRP ; RP = 01H

11 MOV LKRO, ROM K'-W_= ; L"--B=

ADDF WRO, M WRO _ X n " BlWn_l

INCRP ; RP = 02H
MCP-O00760
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instruction Examples ( cont )

Biquad Filter Section

Program (cont)

Step

3.

Mnemonics

MOV

ADDF

LKRO_ ROM

WRO, M

DECBPO

INCRP

Comments

K + W._= ; L"'-- A=

WRO -.-x,,- B 1W,,_1

a2Wn_ 2 = W n

BPO = OOH

RP = 03H

11 MOV

ADDF

LKRO, ROM

WR1, M

K+ Wn_1 ; L_-- A 1

WR 1 + A2W._ 2

MCP-000761



Instruction Examples (cont)

Biquad Filter Section

Program (cont)
Step Mnemonics Comments

5. MOV RAMO,WRO RAMO ( 00 ) "- Wn = new Wn. 1

ADDF WRI,IB WRI-.- Wn = A2Wn_ 2

INCBPO BPO = 01H

INCRP ; RP - 04H (for next stage)

6. MOV

ADDF

INCBPO ; BP0 =

RAMO,K

WR 1,M

02H

RAMO ( 01 )_- Wn_ 1 = new Wn_2

WR1-.- y (for next stage)

(for next stage )
MCP-O00762
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uPD77230 Benchmarks

Operation Execution Time

Add 0.15 us
Subtract O. 15 us

Multiplication 0.15 us
Division 4.8 us

Reciprocal 4.5 us
Root 6 us

SIN 10.8 us
COS 10.8 us I
ATAN. 40 usBiquad Filter2( 1 Stage) 0.9 usFIR Filter (3 Taps) 5.25 us

Complex FFT _=
( 32 Points ) 150 us o=

-d

( 512 Points ) 4.7 ms __
r--

( 1024 Points ) ' 12.6 ms ( use external memory ) m-_
MCP-O00764



uPD77230SupportTools _J_(_

o Relocatable AssemblerPackage

o Software Simulator

o In-circuit Emulator (Evakit)

o Program Library

o Evaluation Board

I t { ! [ I ! I I I I | | 1 I I I I
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uPD77230AssemblerPackage _J_(_

o Relocatable Code Modules

o Macro Support

o Librarian

o Pre-assembler

o Operating Systems

- MS-DOS

- VAX VMS, UNIX

- CP/M-86, MP/M-86



ASP Assembler

Pre-Assemble
List

I I
1

Pre-Assembler

Cross-Reference
List

I

Source Module

for Pre-Assembler

Assembler

Source Module

Link Map Execution Record

1 ! I 1

L I Object
v

Object I Linker Converter

I LD T
d Module HEX Format:- Object ModuleLibrarian

Object Library

! I:
Object Library List

MCP-O00810

;¢

=,
O
,-4
"!I
m

r"-
i:
m

J a I I I I I I I I I I ! t I I I I I



I I I I ! I I I I I _ I I I i I 1

uPD77230SoftwareSimulator

o Supports ANY System Configuration

- Master and Slave, Serial and Parallel I/0

o Interactive and Batch Modes, Macro Commands

o Symbolic Debugging

o Log and Resource Files

o In-line Assembly and Disassembly

o Break, Trace, and Single Step Modes

o VAX VMS or UNIX



uPD77230SoftwareSimulator

[uPD77230] (master mode)(rsst-non)(slow:non)<olook-12.50)<atep= Cl15 NNI IMT

LD: $INDEHO. LlIK Sl: PI: LG: TENP. LOG

CD: SO: TENP. SOD PO: TENP. POD RS: TENP. RES

<Resister>

IR: OOO7 JNFSI SIRAIT

PC: 0008 PSRS: PSRO

RRO:

RRI:

RR2:

RR3:

RRq:

RR5:

HRb:

RRT:

NO:

HI:

ROH:

PSNO:

PSNI:

OOOOOOOOOOOOOO

80000000000000

OOOOOOOOOOOOOO

O3qOOOOOOOOOOO

00000000000000

00000000000000

00000000000000

80000000000000

BP.._OO-5 OOO (8OOOOOOO)

1%1 -5 000 (80000000)

RP -5 0OO (OOOOOOOO)

IB: FFFFFFFFOOOOOO

OE C Z 5 OII

O O 1 O O

0 0 0 0 0 NT: NRBORD

ST: 00000000

SO: 00000000

TR: 03qo0000

K: 00000000

L: 00000000

H: 00000000000000

IR: OFFF LC: 3FF

SR: 00280 SP: O STKO: 1FFF

NI: BRRORD SVR: OO $TKI: 0007

STK2: 1FFF

STK3: 1FFF

STKq: 1FFF

ST[5: 1FFF

STKb: 1FFF

STKT: 1FFF

DR: 00000080

KH: DI DR: HO_BOOKIHG NF: TRNORH FD:SPIE

BPO: OOO BISEO: _ IIO: OOO

BPI: 000 BASEl: 0 II1:000

RP: 000 RPC: 0 RPS: 000"

*break

*resister

*He break 3

Hit break |3.

, , , i , I I I | ( t I I I I
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uPD77230Evakit

o Full speed In-circuitEmulation

o Real-time Trace and Debug Features

o Line Assembler and Disassembler

o internal/External Memory Mapping

o Host Independent

o Optional PROM Programmer



uPD77230ProgramLibrary

o Pre-programmed uPD77230

o Master orSlave ModeOperation

o Data I/0 andUtilityRoutines

o FloatingPoint MathFunctions

- Trig,Root,Log,etc.

o Signal Processing Functions

- FIR,IIR,FFT,etc.

_ f r J I ! I I l I I I I I
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uPD77230 Evaluation Board

o IBM PC Plug-in Card with
Pre-programmed Master Mode ASP

o Full External Memory

4K x 32 High-speed memory
expandable to 16K x 32

- 4K x 32 Low-speed memory
expandableto 32K x 32

o Serial I/O

- On-board Codec/External Input

o Simple Debug Features

- Breakpoint and Register/RAM Dump



uPD 77220 - 24 BIT FIXED POINT DSP NEC

FEATURES

• PIN COMPATIBLE TO 77230, BUT NO FLOATING-

POINT CAPABILITY IN HARDWARE

• ARITHMETIC 24-BIT FIXED-POINT ONLY

• SUB-SET INSTRUCTIONS OF 77230

(NO FLOATING-POINT INSTRUCTIONS)

• FAST INSTRUCTION EXECUTION (150/100 NS)

• REDUCED ON-CHIP MEMORY (2 x 256 x 24 BIT)

• EXTERNAL MEMORY SAME AS 77230



ANALOG
DEVICES

DIGITALSIGNALPROCESSINGDIVISION

ADSP-2100
Digital Signal Processor





General Descri_Dti0n

• The ADSP-2100A a single-chip microprocessor optimized for

digital signal processing applications.

• Seven major functional units provide capabilities to rival

bit-slice/building block processors.

• Direct memory access to 16K of instruction codes and 32K of

data at full speed.

The architecture allows full parallelism in operations by

performing the following all in one cycle:

-- compute next program address
-- fetch next instruction

-- perform one or two data transfers

-- update one or two address pointers

- arithmetic operation

Powerful instruction set: all instructions can be executed in a

single cycle.

A complete set of software and hardware development tools

enables a short design cycle.

The ADSP-2100 is fabricated in a high speed 1.0 I_m

double-layer metal CMOS process and housed in a 100-pin grid

array package.

80 nsec cycle time.

PAGE BLANK NOT FILMED



ADSP-2100 Basic System Configuration

CLOCK

DATA
MEMORY

16k x 16

PERIPHERALS

, , , _ I f I I I ! ! I I I ! | I I



System Concepts

• Separate Program and Data buses

-- 14-bit Program Memory Address (PMA)

-- 24-bit Program Memory Data (PMD)

-- 14-bit Data Memory Address (DMA)

-- 16-bit Data Memory Data (DMD)

° Dual-Purpose Program Memory

-- Program Memory can be used to store data as well as instructions (e.g.

coefficients)

-- Program Memory Write (PMWR) line enables both read/write to Program

Memory

-- Program Memory Data Access (PMDA) line distinguishes between instruc-

tion and data fetches, and can be used to expand Program Memory

• Memory-Mapped Peripheral Interface

-- Wait state generation capability with Data Memory Acknowledge (DMACK;

signal



Control Signals

External devices can gain control of program and data buses with bus re-

quest/grant signals

-- Four external interrupt pins: internally prioritized and maskable; in-

dependently programmable as either edge-or level-sensitive

Additional external control using RESET, HALT, and TRAP

Clock Signals

-- CLKIN at four times the processor cycle rate

-- CLKOUT at the processor cycle rate and synchronized to the internal
states



Internal Architecture

Seven Major Functional Units:

-- Program Sequencer

-- Cache Memory

-- Two Data Address Generators

-- Arithmetic-Logic Unit (ALU)

-- Mutliplier-Accumulator (MACC)
-- Barrel Shifter

Separate Program and Data Buses, Extended Off-Chip

-- Data Memory Data (DMD) bus is the primary bus for routing data in-

ternally and to/from data memory

-- Program Memory Data (PMD) bus provides instructions to the instruction

register and a secondary path for routing data to/from program memory

-- Direct connection of ALU/MACC input registers to both DMD and PMD

buses allow dual operand fetches in a single cycle



• Program Sequencer allows single-cycled conditional branch and zero-

overhead looping

• The internal instruction cache memory acts as an alternate source to the

instruction register and can free the Program Memory for data accesses

Two independent address generators provide data address pointers for both

program memory and data memory

• Three independent computational units:

-- side-by-side arrangement permits flexible operation sequencing

-- input/output registers isolate computational operations from data

fetches, allowing generous memory access times

-- two complete sets of registers for each computational unit allow fast

context switching

-- the R-bus provides a flexible interconnect path between computational

units and eliminates unnecessary pipelining of operands

-- all computational units have provisions for multi-precision operations



SEVEN MAJOR FUNCTIONAL UNITS

PROGRAM SEQUENCER

CACHE MEMORY

TWO ADDRESS GENERATORS

ARITHMETIC/LOGIC UNIT (ALU)

MULTIPLIER/ACCUMULATOR (MAC)

BARREL SHIFTER



DATA

ADDRESS
GENERATOR

DATA
ADDRESS

GENERATOR

I CACHEMEMORY

' I
11 112

DMA BUS 17
1

f

PMD BUS 24/

INPUT REGS

_U

OUTPUT REGS

•us IEXCHANGE

DMD BU!

INPUT REGS

MAC

OUTPUT REGS

R BUS

/

2100-UM-2.t4_'1

J INSTRUCTION IREGISTER

PROGRAM
SEQUENCER

"_.7'7

INPUT REGS

1--_1 SHIFTER

2"

I

I

PMA

DMA

PMD

DMD



PMD BUS 24

DMD BUS 1 $
(UPPER)

MUX

AZ '41-
A N "91--_
AC_
AV ,91---
A S ,91----
A 0,91----

16

/

X Y

ALU ,q--- CI

_]_ R - BUS

m

L

ALU BLOCK DIAGRAM



ALU FEATURES

FEEDBACK PATHS

SiX STATUS FLAGS

SATURATION

IMPLEMENTS DIVIDE PRIMITIVES

PROVISIONS FOR DOUBLE PRECISION

COMPLETE SET OF BACKGROUND REGISTERS



ALU OPERATIONS

ARITHMETIC

X+Y
X+Y+C
X-Y

X-Y+C-1
Y-X
Y-X+C-1
-X
-y
Y+I

Y-1

DIVIDE PRIMITIVES

X AND Y

XORY

X XOR Y

NOT X

NOT Y

OTHER

PASS X

PASS Y
ABS X
CLEAR



PMD BUS

DMD BUS

MX
REGISTERS

2x15

_16 (UPPER)16

I_'°x_I _ z_

R2

X Y

MULTIPLIER

MY
REGISTERS

2x16

mm

6 t

MUX

I

P

ADD / SUBTRACT

R1 R0 _ MV

,ux j ,°x i.°x i

7
r R - BUS

MAC BLOCK DIAGRAM



MAC FEATURES

FEEDBACK PATHS

40-BIT ACCUMULATOR

SATURATION

MIXED MODE INPUT OPERANDS

UNBIASED ROUNDING

PROVISIONS FOR MULTIPREClSION

COMPLETE SET OF BACKGROUND REGISTERS



MU LTIPLIE R/ACCU MU LATOR

OPERATIONS

OPERATION

X*Y

MR+X*Y

MR-X*Y

CLEAR

INPUT FORMAT

SIGNED * SIGNED

SIGNED * UNSIGNED

UNSIGNED * SIGNED

UNSIGNED * UNSIGNED

ROUND



m

L

MUX

SE
REGISTER

DMD BUS

MUX Sl
REGISTER

R - BUS

SB
REGISTER

COMPARE

MUX

NEGATE

From
INSTRUCTION

MUX

EXPONENT
DETECTOR

I X
i HI / L HIFTER

I MUX J

+l

SHIFTER BLOCK DIAGRAM



SHIFTER FEATURES

ARITHMETIC AND LOGICAL SHIFTS

LEFT AND RIGHT SHIFTS

TRUE BLOCK FLOATING POINT

DIRECT SUPPORT FOR DOUBLE PRECISION

COMPLETE SET OF BACKGROUND REGISTERS



SHIFTER OPERATIONS

NORMALIZE

DENORMALIZE

SHIFT IMMEDIATE

DERIVE EXPONENT

DERIVE BLOCK EXPONENT



DMD BUS

FROM
INSTRUCTION

1 L
REGISTERS

4x14 I MODULUS ILOGIC

MUX

I
REGISTERS

4x14

14

f

' I

ADDRESS

M
REGISTERS "-

4x14

ADD I

J

DAG1 ONLY

FROM
INSTRUCTION

2100--UM-DAGs--12/87

I I 1 l I I I I I I I I I I I I I I I



Data Address Generators

• Two independent Data Address Generators: DAG#1 and DAG#2

• DAG#1 has "bit reverse" option, and provides addressing for data memory

DAG#2 provides addressing for both program and data memory, including

instruction addresses for computed jump operations

Each Data Address Generator contains:

-- Four Indirect (I) registers

-- Four Modify (M) registers

-- Four Length (L) registers

allowing the maintenance of eight data address pointers at a time

Automatic modulo addressing for circular buffer implementation



COUNTER

LOGIC

DMD BUS is

_!iiiiiiitiiiiiiiiiii!iiii!!i!F!i!ii!i_i!ilco..tStACX_!iiiiiill

li',i_! r,iiiiiiiiiiiiiiii_,iiiiiiii',iiiiiiiiiiiili
!ii!iiilo0o::..,l!,i_!_{,',ii,',_i_iiii',,iii',iiiliiii!i'_!i',i,i',!i',i

LOG,Ciiii_!M_Xli',iiiii',',i!ii_,ilii',ili',iiii',',ii',_,i!',i_

REG,STERSI_!i!iii!i_!!ii_i_!_ii_i!iii!i_.iiiii_i!;.i_:i_iiiii_ii!i!i!iiiii_iii!i_i_i!
ARITHMETIC El I i ::::_i::i::i:.i::i:::iiiii!:.<::ii::_iii_i!i_i:::.ii_lI :_i_iii::i::i::i:'i::iii:i::iiii::iii:

STATUS ,.
_4 (m.._) /I
T I

4._1 INTERRUPT I

,.a0-. " -1 CONTROLLERI

i -o.i III l 14

t ,

CONDITION CODE (4 bits)

ADDRESS of JUMP (14 bits)

FUNCTION FIELD

ADDRESS of
LAST INSTRUCTION

In LOOP (14 bits)
&
TERMINATION
CONDITION (4 bits)

I
From INSTRUCTION REGISTER

__ LOOP

COMPARATOR I

4

___ N 2'-LOGIC

_4

I
4

I MUX

4 ,

i
PROGRAM I
COUNTER

INCREMENT I

NEXT ADDRESS MUX

' _r i' I

ADDRESS
SOURCE
SELECT

I

PMA BUS 14
/

SEQUENCER BLOCK DIAGRAM



Pro aram Sequencer

• Four sources for the next instruction address:

-- PC incrementer

-- PC stack

-- instruction register

-- interrupt controller

• Four stacks:

-- 16 x 14 PC Stack (16 levels of subroutines)

-- 4 x 16 Status Stack (4 levels of interrupts)

-- 4 x 18 Loop Stack (4 levels of nested loops)

-- 4 x 14 Count Stack (5 levels of counters)

• Low interrupt processing overhead

-- Two-cycle interrupt response time

-- Interrupt nesting and lockout modes available

-- Secondary data register set for single-cycle context switching

• Zero-overhead sequencing of nested DO UNTIL loops of arbitrary length



O_
--I
33 GO

"13

R

I [ I I l I I I I I I I I I I I I I I



INSTRUCTION CATEGORIES

DATA MOVE INSTRUCTIONS

COMPUTATIONAL INSTRUCTIONS

PROGRAM FLOW INSTRUCTIONS

• MISCELLANEOUS



DATA MOVE INSTRUCTIONS

REGISTER

REGISTER

REGISTER

IMMEDIATE VALUE

IMMEDIATE VALUE

REGISTER

DATA MEMORY

PROGRAM MEMORY

REGISTER

DATA MEMORY

EXAMPLES: MX0 = AY1;

AX0 = DM (ADDRESS);

AY0 = PM (14, M6);

SI = H#30F8;

DM (10, a0)= 167;



COMPUTATIONAL INSTRUCTIONS

CONDITIONAL ALU, MAC, OR SHIFT OPERATION

EXAMPLE: IF MV SR = ASHIFT MR1 BY -1 (HI);

ALU, MAC, OR SHIFT

._ REGISTER

OR

REGISTER _H_
OR

REGISTER _H_

REGISTER

DATA MEMORY

PROGRAM MEMORY

EXAMPLE: AR = AR + AY0, AY0 = DM (10, M1);

ALU .,,_" DATA MEMORY _ REGISTER
OR MAC _,,.PROG. MEMORY REGISTER

EXAMPLE:

MR = MR + MX0 * MY0 (SS), MX0 = DM(I1, M3), MY0 = PM(17, M4);



PROGRAM FLOW CONTROL

CONDITIONAL JUMP

CONDITIONAL SUBROUTINE CALL

CONDITIONAL RETURN

CONDITIONAL TRAP

CONDITIONAL DO UNTIL



MISCELLANEOUS

SATURATE ACCUMULATOR

MODIFY INDEX REGISTER

PUSH STATUS STACK

POP STATUS/LOOP/COUNTER/PC STACK

MODE CONTROL

NOP



DEVELOPMENT TOOLS

SYSTEM BUILDER

ASSEMBLER

LINKER

PROM SPLITTER

C COMPILER

SIMULATOR/DEBUGGER

EMULATOR

EVALUATION BOARD



SYSTEM BUILDER

ALLOWS THE USER TO SPECIFY
TARGET HARDWARE

• USES HIGH LEVEL CONSTRUCTS



FIR FILTER
ARCHITECTURE DESCRIPTION

.SYSTEM

•SEG/ROM/ABS=0/PM/CODE

•SEG/ROM/ABS=4096/PM/DATA

.SEG/RAM/ABS=0/DM/DATA

.PORT/ABS=H#3FFE

.PORT/ABS=H#3FFF

.ENDSYS;

FILTER_SYSTEM;

PROG_MEM[4096];

COEFF_STOR[256];

DELAY_LINE[256];

AD_SAMPLE;

DA_DATA;



ASSEMBLER

SUPPORTS HIGH LEVEL CONSTRUCTS

SUPPORTS FLEXIBLE MACRO PROCESSING

ENCOURAGES MODULAR CODE DEVELOPMENT

PROVIDES A FULL RANGE OF DIAGNOSTICS



FIR FILTER

ASSEMBLY PROGRAM

.MODULE/ROM

.CONST

.PORT

.PORT

.ENTRY

FIR_ROUTINE;
TAPS=15;

AD_SAMPLE;
DA_DATA;
FIR_START;

FIR_START: CNTR-TAPS-1;

SI=DM(AD SAMPLE);
DM(10,M0)=SI;
M R=0,MY0=PM(14,M4),MX0=DM(10,M0);

CONVOLUTION:

.ENDMOD;

DO CONVOLUTION UNTIL CE;
MR=MR+MX0*MY0(SS),MY0=PM(14,M4),MX0=DM(10,M0);
MR=MR+MX0*MY0(RND);
IF MV SAT MR;

DM(DA_DATA)=MR1;
RTI;



LINKER

SUPPORTS MULTI-MODULE LINKING

MAPS ASSEMBLER OUTPUT TO SYSTEM BUILDER



SIMULATOR

USER-FRIENDLY INTERFACE: INTERACTIVE AND SYMBOLIC

SUPPORTS FULL SYMBOLIC ASSEMBLY/DISASSEMBLY

SIMULATES HARDWARE CONFIGURATION

SIMULATES I/O HANDLING

FLAGS ILLEGAL OPERATIONS

DISPLAYS THE INTERNAL OPERATIONS OF THE ADSP-2100



ADSP-2100 Simulator Screen

f
/ADSP-2100 Simulator Vl.4-00 Analog Devices Inc.

ALU

AX0 uuuu AC 0 AQ 0

AXI uuuu AR uuuu AN 0

AY0 uuuu AF uuuu AV 0

AYI uuuu AZ 0 AS 0

Multiplier-Accumulator

MX0 2000

MXI uuuu MR2 00 MR1 004A MR0 0644

MY0 FESC MF 0000

MY1 uuuu MV 0

Shifter

SI 2000 SE uu SRI uuuu SR0 uuuu

SB uu SS 0

I

FIR SYSTEM

Address Generator #I

X0 0009 M0 0001 L0 000F

Ii uuuu M1 uuuu L1 0000

I2 uuuu M2 uuuu L2 0000

I3 uuuu M3 uuuu L3 0000

Addr

Address Generator #2

I4 1000 M4 0001 L4 000F

X5 uuuu M5 uuuu L5 0000

I6 uuuu M6 uuuu L6 0000

I7 uuuu M7 uuuu L7 0000

Addr

Data DM 004A PM 3C00E5 PX 00

CNTR 0000 Astat 00 Mstat Sstat 44 Imask 0 Icntl 00 PC 0015 Time 125200

halt : Module= FIR ROUTINE = emulat register hex

dspp_sim()-CMD_INP_ACKL:

L J

BASIC SCREEN



ADSP-2100 Simulator Screen

r ADSP-2100 Simulator V1.4-00 Analog Devices Inc. FIR SYSTEM

PM Addr Contents Disassembled Contents

0011 tom 14012E

0012 tom A00000

0013 rom 3C00F3

0014 rom 18014F

0015 rom pc> 3C00E5

0016 rom 83FFE8

0017 rom 680080

0018 rom E89800

0019 rom 1401FE

001A rom E90000

do h#0012 until ce;

dm(i0,m0)-^DATA BUFFER/h#0000 ;

imask-h#000F ;

jump h#0014 ;

FIR START: cntr=h#000E ;

si-dm(AD_SAMPLE);

dm(i0,m0)-si;

mr-mx0*0(ss),mx0-dm(i0,m0),my0-pm(i4,m4);

do CONVOLUTION until ce;

CONVOLUTION:I (ss),mx0-dm(i0 m0) (i4,m4) ;

dspp sim()-CMD INP ACKL:

>

>

>

>

> PM

> Address:fir start

>

PROGRAM MEMORY



ADSP-2100 Simulator Screen

I I

ADSP-2100 Simulator VI.4-00 Analog Devices Inc.

DMAddr Contents

0000 ram 030E

0001 ram F698

0002 ram EBOE

0003 ram 0000

0004 ram 14F1

0005 ram 0967

0006 ram FCF1

0007 ram 0F37

0008 ram 2000

0009 ram EBOE

DATA BUFFER:

FIR SYSTEM

CNTR 0000 Astat 00 Mstat 0 Sstat 44 Imask 0 Icntl 00 PC 0015 Time 125200

_- halt : Module: FIR ROUTINE : extend dmemory hex -_

dspp_s im () -CMD_INP_ACKL :
>

>

>

>

> DM

> Address :

>
J

DATA MEMORY



ADSP-2100 Simulator Screen

_ADSP-2100 Simulator V1.4-00 Analog Devices Inc.

ADDSYMBOL ALTERNATE

CHIPRESET CLEARBREAK

CLOSE COMMFILE

DELETE DM

EXECUTE EXIT

FORWARD HARDWARE

LOAD MODULES

PATCH PLOTDM

READIMAGE READSYMBOL

RUN SETBREAK

SETPM SETREGISTER

STACK STATUS

WIPE XREFERENCE

FIR SYSTEM

BEEP BACKUP CACHE

CLEARSTOPTIME CLEARTIME CLEARWATCH

COUNT CYCLETIME DECIMAL

DUMPDM DUMPPM EMULATOR

EXTEND FINDDM FINDPM

HELP HEXADECIMAL INTERRUPT

NOBEEP NOSYMBOLIC OPEN

PM POWERUP PRIMARY

REGISTER REMOVESYMBOL RESETSTACK

SETDM SETMODULE SETPC

SETSTOPTIME SETWATCH SINGLESTEP

SYMBOLIC TOGGLE TRACE

>

helphelp_on?:

J

HELP



EMULATOR

IN-CIRCUIT EMULATION

NO DEGRADATION IN PROCESSOR PERFORMANCE

INTERFACES TO EXTERNAL INSTRUMENTATION

SELF-EMULATION OF PROCESSOR

SUPPORTS FULL SYMBOLIC DISASSEMBLY

SAME INTERACTIVE, SYMBOLIC USER INTERFACE
AS THE SIMULATOR



EVALUATION BOARD FEATURES

• LOW COST DEVELOPMENT TOOL

• EVALUATE ADSP-2100A IN REAL TIME APPLICATIONS

• ANALOG I/O CHANNEL

• LINEARDAC

• SAME USER INTERFACE AS EMULATOR AND SIMULATOR

• 4K DATA MEMORY, 2K PROGRAM MEMORY

• EXPANDABLE TO 32K DATA AND 16K PROGRAM MEMORY



C COMPILER

° COMPLIES WITH ANSI DRAFT STANDARD XJ311

VALIDATED WITH COMMERCIALLY AVAILABLE VALIDATION
SUITE

PRODUCES ROMABLE CODE
• LITERALS CAN BE PLACED IN RAM/ROM AND DM/PM
• SWITCH STATEMENT JUMP TABLES RAM/ROM AND

DM/PM
• RUN TIME STACK RAM/ROM AND DM/PM

• NEW DATA TYPE FRACT (1.15 FORMAT)

• IN LINE ASSEMBLY CODE SUPPORTED

• ASSEMBLY SUBROUTINES CALLABLE

° COMPLETE FLOATING POINT EMULATION LIBRARY



BULLETIN BOARD SERVICE

• ALLOWS UPLOAD AND DOWNLOAD OF PROGRAMS AND

PRODUCT INFO

• INFORMATION ON ALL DSP PRODUCTS

• MAIL FACILITY PERMITS COMMUNICATION WITH
APPLICATIONS ENGINEERING

• QUESTION AND ANSWER FACILITY

• AUTOBAUD SUPPORTS 300, 1200, 2400 BAUD RATES

(617) 528 - 5012
NO PARITY, 1 STOP BIT

FULL DUPLEX



BENCHMARK PERFORMANCE

OF THE ADSP-2100

(12.5 MHz VERSION)

B_O__U_TJ EXECUTION TIMI_

FIR FILTER

COMPLEX FIR FILTER

BIQUAD FILTER SECTION

LATTICE FILTER SECTION

256-POINT RADIX-2 FFT

256-POINT RADIX-4 FFT

1024-POINT COMPLEX
RADIX-2 FFT

1024-POINT COMPLEX
RADIX-4 FFT

4096-POINT COMPLEX
RADIX-2 FFT

4096-POINT COMPLEX
RADIX-4 FFT

256-TAP LMS ADAPTIVE
FILTER UPDATE

TENTH ORDER LPC ANALYSIS

(240-Point rectangular window)

80 nS PER TAP

320 nS PER TAP

560 nS PER SECTION

400 nS PER SECTION

0.88 mS

0.59 mS

4.2 mS

2.9 mS

19.8 mS

14.2 mS

41.5 I_S

0.36 mS



AVAILABLE ADSP-2100 LITERATURE

• ADSP-2100 USERS MANUAL

• ADSP-2100 CROSS-SOFTWARE MANUAL

• ADSP-2100 APPLICATIONS HANDBOOK VOL. 1

• ADSP-2100 APPLICATIONS HANDBOOK VOL. 2

• ADSP-2100 EMULATOR MANUAL

• ADSP-2100 EVALUATION BOARD MANUAL
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- TS 68930 -

16/32 BIT MICROCOMPUTER:

• INSTRUCTION CYCLE:

• COMP, MODES:

• INSTRUCTION WIDTH:

• INSTRUCTION FORMATS:

• DATA BUSES:

• DATA RAM:

• DATA ROM:

• EXT, MEMORY:

1601 320

REAL, COMPLEX, DOUBLE PREC

32 BIT

8

16 BITS X 3

2 X 128 X 16/2 X 64 X 32

1 X 512 X 16/1 X 256 X 32

IIKX16/2KX32

* HARD MULTIPLIER: 12,5 M X (16 XI6)/ SEC
• INT PROGRAM ROM: 1 K X 32 BITS

• EXT PROG ROM (84 PIN): 6q K X 32 BITS

'_PACKAGING: 48 PIN MICROCOMPUTER (TS 689301
_' [ 8LI PIN ICROPROCESSOR (TS 689)11

• TECHNOLOGY: 2 UM N MOS - TANTALLUM SILICIDE

i " COMPLEXITY: 120 000 DEVICES •
• SILICON AREA: 57 MM2

" POWER: 1,5 W (t18 PIN)
-,,t

f""r

SGS-THOMSON
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T E L E C 0 M

- TS 68930 - PIN- OUT (48 PIN VERSION ) -

!
ADDRESS BUS / :-

(
BUS CONTROL | 1

l

ADDRESS/DAM
BUS

SLAVE SIDE I MASTER SIDLE
e

XTAL

CSO.A0

SRt_._'_

RDYO

ADO-AD7

RESET

XIAL

AO.A9

A10.All

_.sRtg

0S0-2
0E)-6

011-01S

00-07

OI.SV

Z

Z AOORESS BUS
I

Z
I _ BUS CONTROL

7
EXTERNAL EVENTS

0

= t =- CONCATEHABLE

'--L--] o,,w.._,s

I' I'
_r_,'_'TnSGS-THOMSON_ ^o_,..o_..
• _J

1 I I I I I I I I I I I I I I I I I I
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_" SGS-THOMSON
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BLOCK DIAGRAM

L BUS

R-BUS

MULT
16_ 16e32

16

16

Z.BUS 16

IR

INSTRUCTION BUS
IIBUS)

TO ALL BLOCKS

I

BRANCH CONDITIONS

I II . Ul I I SGS-THOMSON

I
I

SYSTEM
BUS

LOCAL
BUS

I
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TS 68931: EXTERNAL MEMORY VERSION -

EQUIVALENT TO TS 68930 MICROCOMPUTER EXCEPT:

• EXTERNAL PROGRAM MEMORY: 64 K x 32 ( 55 NS RAM )

• EXTERNAL COEFFICIENT MEMORY: 512 x 16 ( 55 NS RAM )

• 8q PIN, LEADLESS CERAMIC CHIP CARRIER

• 1,8W POWER COMSUMPTION (I,5W FOR TS 68930)

APPLI(::ATION COVERAGE:

" PROTOTYPING WITH EPROM (SMALL BOARD PLUGGED IN PLACE OF TS 68930)

• LARGE PROGRAM APPLICATIONS (TS 68930 LIMITED TO 1,2 K x 32)

• LOW QUANTITY (NO MASKING EXPENSE )

• DEVELOPMENT TOOLS ( HDS, EVA PS])

i

_. SGS-THOMSON
i
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LUC MARY

DATE:

HARS 1986
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!

I

._j.....i.....t....._t___.q
FUNCTION !Nb. OF!

!INST.!
! ROMP !

I ! !

!Fixed real FIR , 7 0
a ! m

!Fixed complex FIR * 7 '
I I !

!Adaptive real FIR 0 7 0
# I l

!Adaptive complex FIR! 9 !
o ! !

!BIQUAD Cell real o 8
l I

!8IQUAD Cell complex ! 8
! !

!Treillis Form ! 15
! J

!Exp (jO) ! 15
!(16 bit precision) 0
I l

!FFT Butterfly ! 4
i !

!16 points complex * 30
!FFT !
q I

!64 points complex 0 140
!FFT o
! !

! I I I

DATA ROMC o EXECUTION

! TIME
J #

I ......... !

! I

! 160 nsec/TAP 0

! 320 nsec/TAP '

! 320 nsec/TAP 0
l !

' 640 nsec/TAP !
l !

' 960 nsec !

0 !

!1920 nsec

, !

2 x 16 bit/Cell ! 480 nsec/Cell!

I x 16 bit/TAP

2 x 16 bit/TAP

4 x 16 bit

4 x 16 bit

, , !

! 64 x 16 bit !2720 nsec '
! ! !

0 o !
!'! 2 x 16 bit 0 960 nsec

l l l

! 32 x 16 bit ! 38 psec *
! ! !
0 ! !

!128 x 16 bit o 265 psec *
! } !

! ! 0
l

- PERFORMANCE OF THE DSP



THE PSI INSTRUCTION SET :

The PSI instruction set is composed of 14 classical or

compound instructions that provide for the input, output,
manipulation and comparison of data. ThG instruction set is
divided into five functionnal categories, they are :

- 3 calculation instructions : OPIN, OPDI, OPIM

- 4 shift instructions : ASR, LSL, LSR, ROR

- 2 save instructions : SVR, NOP

- 3 branch instructions : BRANCH, JSR, RTS

- 2 initialization instructions : INI, REPEAT

SGS-THOMSONI [
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i
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SHIFT INSTRUCTIONS : ASR. LSL: LSR, ROR

They are slngle-fleld instructions

I
I SHIFT
I OPERATION
I
I
I
I ^sR
I LSt.

I LSR

I ROR
I
I

I
I
I

I
SHIFT l SRC
_BER I

I
I RIN
I P

I< SN <15 I T
O_ SN 315 I Addr. X

1< SN <15 I Addr.Y

X_ SN _15 [ Addr. E

Addr. C

I

I
DEST I

I
I
I

F I
I

A I
I
I

l : i ,

ASR 5 T, A \ (arithmetically shift right by 5 blts T

register and storm the result in tho

accumulator A)

LSL I P, F \ (logically shift left ky 1 bit multiplier

result register P and store the result in

the fifo F}

ASR 7 45.X, A \ (arithmetically shift right by ? bits XRAM
address 45 and store the result in the

accumulator A)

ROR 15 100.¥ \ (rotate right by 15 bits YRAM address 100
and store the result in the fifo F)

L
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32 branching conditions are possible :

14 STATUS conditions :

6 BRANCH OH STATE conditions :

8 BRAHCH OH EDGE conditions :

internal conditions :

2 lncondltlonnal branches :

(HO)SR, (NO)SI
(NO)CR, (.O)CZ
(NO)Z, (NO)OVr

(NO)MOVF

(NO)BSO, (HO)BS1
(No)es2

_NO)BE3, (NO)BE4
(.o)eES, (NO)BE6

(HO)RDYOIH

ALWAYS, NEVER

SGS'THOMSON L__
t ( I I i I ( I I

lullum
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CONTROL AND INITIALIZATION INSTRUCTION : REPEAT

This Instruction Is a middle 1_ el language Instruction, and

It Is very helpful for the Initialization of the loop counter. The
mschlne Instruction created Is an IHl Instruction.

examples :

REPEAT 23 TIMES _ REAL, NOSAT \

NoP \
Nor \
BEGIN :

NoP \
SOP \
Nop \
Nop \
NoP \
NOP \

END :

L I I HI I I i I i
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• III I

I f I

I II

Z

The 2 equations require the execution o£ 4
Z

main operations

- calculate On : 4 reads, 2 nultlplicatlons,
2 additions

- calculate Rn : 4 reads, 2 nultlpllcatlons,
2 additions

- replace On. 2 by On.. 1 : 1 vrite

- replace On. 1 by On : 1 vrite

Number of nultiplicatzons - 4
;;umber ot additions - 4
I/rather of reads - O
8umber oF vrltes - 2

18 operations

The processor takes 6 cycles to realize the biquad filter

i lll I I ! ] III : I I • I I I |I J I I

SGS-THOMSON I __,'"'°'_ ml _11 J!
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THE PIPELINE

A pipelined architecture allows the throughput of the
operations to be accelerated but with consequences that
some of them will take more than I cycle. Inthe processor

the consequences of the pipeline are seen in 2 ways:

- When in instruction IN : The result of a multiplication
Is available If this multiplication has been started
at Instruction IN-2 or before.

- then in instruction IN : if results are transferred back

(write bus or Z-BUS) from the RALU to the memories ,
these results must have been calculated in the
instruction IN-I or before .

ISGS-THOMSON """°"

I I I I I I I ! I I i I I

IIII

()*!!

i I I ! I



I I I I i I I ! I i ( I I I { I I I I

PSl PROGRAM FOR A BIOUADRATICFILTER

" BIQUADRATIC FILTER. "
INI

INI
OPIN

OR.IN

OPIN

REAL, NOSAT ;

REAL, NOSAT ;
_xoo\
_coo\

I LDL [CO]+, M I LDR [X0]+, N I TRA R, F \

; LDL [CO]+, M I LDR [XO]-, N I \

; LDL [CO]+, M ; LDR [X0]+, N I ADD P A , A \
OPIN ; LDL [CO)+, M ; LDR [XO)-, N ; ADD P A , A \
OPIN ST A, [X0)+ ;
OPIN ST F, [XO]- I

I ADD P A , A \

I ADD P A o A \

NUMBER OF CYCLES : 6 + 2

[ SGS'THOMSON ] E--- -ullum
Oil(



PSI _RQGRAM ,FQR_ CASCADE OF N BIOUADRATICSFILTERS

" CASCADE OF N BIQUADRATIC FILTERS ( N • I)"

INI REAL, NOSAT I EF 0 ; XO 0 \

INI REAL, NOSAT I I CO 0 \
OPIN I LDL [CO]+, M ; LDR IX0]+, N I TRA R , F

OPIN ; LDL [COl+, M I !

REPEAT (N-l} TIMES I REAL, NOSAT \

BEGIN:

OPIN

OPIN

OPIN

OPIN

OPIN

END:
OPIN

OPIN

OPIN

OPIN

\
\

I LDL [CO)+, M ; LDR [X0)+, N I ADD P A , A \

; LDL [CO]+, M ; I ADD P A , A \

ST A, IX1]+ I ; I ADD P A , A \
; LDL [COl+, M ; LDR [XO]+, N I TRA R , F \

ST F, [XI]÷ I LDL [CO]+, M ; ; ADD P A , A \

I LDL {C0]+, M ; LDR [XO]

; LDL [C0]+, M ;

ST A, [Xl]+ I
ST F, [XI] ;

, N I ADD P A , A \
IADDPA,A\
IADDPA,A\

;ADDPA,A\

_NUMBER OF CYCLES : 5x(NUMBER OF FILTERS) + I ÷ 3

[ SGS-THOMSON1(
,uf(um

m
OJe|
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TS68950/51/52

MODEM ANALOG FRONT END
(MAFE)

TE LECOM MARKETING
• 0CTOBRE 86 _'_"_'T,SGS'THOMSON_O©[_@l_ll...l_©_[_@_fl©_
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TS 68951

THE TS 68951 IS THE RECEIVE SECTION OF THE ANALOG MODEM FRONT-END

WHICH, ASSOCIATED WITH A DIGITA I_ SIGNAL PROCESSOR, AS THE TS 68930,

REALISES VOICE-GRADE MODEM APPLICATIONS CONFORMING TO CCITT AND
BELL RECOMMENDATIONS.

MAIN CHARACTERISTICS :

• _D CONVERTER 12 BITS MULTIPLEXED ON TWO PLESIOCHRONOUS CHANNEL

(ON CHANNEL FOR ECHO-CANCELaTION)
• 7 TH. ORDER BAND-PASS PROGRAMMABLE FILTER

• BACK-CHANNEL REJECTION AND SWITCHED SMOOTHING FILTER

• CONTINUOUS-TIME ANTI- ALIASING AND SMOOTHING FILTER

• 0 TO 46.5 dB PROGRAMMABLE GAIN AMPLIFIER

• THRESHOLD PROGRAMMABLE CARRIER DETECT LOGIC

• 8 BITS STANDARD BUS FOR DIGITAL INTERFACE

• KIT WITH TS 68950 AND TS 68952

• CMOS Sl- GATE TECHNOLOGY

• +1-5 V POWER SUPPLY

• 24 PIN PLASTIC PACKAGE

TE LECOM MARKETING

OCTOBRE86 SGS-THOMSON
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Echo Cancellation- based System

DATA IN
=i TRANSMITTER

BULK
DELAY
UNE

l

Near Echo

FAR NEAR
EC EC HYBRID

I

] RECE_R

Two-wire
Loop

/_ Far FEChsOignal

= s I I I I I I I I I I I I I I I I



I I i I I I I I I i t I I I ( I I
ii i l J i J m i i i ......_ i i reline J lJ l I J

..... i _CLK

I

I
I

J Tx CLK' .2
1 ATT estimated echo

I Rx CLK
l receive AGE

signal <_

I A/D

Imoderate resolution)

Ilov oTstorEion)

I /_ECHO CANCELLING LOOP

I _- " _TxCLK ATTi - " _ re.sidual signal Ihigh resolution)

_.k echo

S/H _8

vithout echo cancelling

SIMPLIFIED ANALOG

OCTOBRE86

FRONT-END

i i

Z line

TELECOM MARKETING

DIAGRAM

_k__" SGS-THOMSONJ
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TO CONTROL

PROCESSOR
TS75321

DO - D7

• .TS7532 '

V,32 MODEMCHIPSET

BLOCKDIAGRAM

ADO. AO7

ADO - A07

4KX16
RAM

DO- 018

TS75320 TX AFE
E. C TS68950

00 • 07

T575322 RCV AFE

RECEIVER TSS8951

O8-O18 TX RCV
CLK CLK

2KXI8 CLOCK

RAM T,,568952

-"- TO DAA

FROM OAA

. ,, _..---SGS-THOMSON --
( ! ,Ip_f_ ""'CR"'-I.EC'R Ot"":S i t

iz _ i ii mat I
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DEVELOPMENTTOOLS

HDS-PSI : STAND ALONE SOFTWARE & HARDWARE

DEVELOPMENT STATION

EVA-PSI : LOW COST STAND ALONE EVALUATION BOARD

SOFTWARE :

• LIGNE BY LIGNE ASSEMBLER/DESASSEMBLER

• MACRO ASSEMBLER
• FUNCTIONNAL SIMULATOR

TELECOM MARKETING

OCTODRE86 SGS



MACRO ASSEMBLER

A/ EFFICIENCY OF THE CODE

- ASSEMBLY LANGUAGE WITH 4 FIELDS L BUS SOURCE
R BUS SOURCE
OP CODE
Z BUS DESTINATION

- KEEP ADVANTAGE OF PARALLEL ACHITECTURE

- USE ALL AVAILABLE RESSOURCES AT MAXIMUM SPEED

BI EASE OF PROGRAMMING

- WHERE SPEED IS NOT A MUST

- "68000 LIKE" ASSEMBLY LANGUAGE

TELECOM MARKETING

0CTOBRE 86
.. S(;S-THOMSON
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FUNCTIONNAL SIMULATOR PSIMLIZ

- RUNS ON IBM-PC,XT,AT AND VAX (VMS

- 1000 INSTRUCTIONSIS ON VAX

OR UNIX ), MICROVAX (ULTRIX)

- STEP BY STEP EXECUTION

- BREAKPOINT ON VALUE OR ADRESS

- TRACE

- ACCESS TO ALL INTERNAL REGISTERS AND MEMORIES

- INPUT- OUTPUT SIMULATION THROUGHT FILES

FOR ADC & DAC ,EXTERNAL MEMORY

FOB BRANCH INPUT

FOR SYSTEM BUS ( MAll+BOXFIFO IN & OUT)

AII1|UR

BEIt[ RENCE DATE
SGS-THOMSON!

I ..... fill I_1 ii l_lRllll II Im+*llll tlllill lllilliillllltllliilmlllllill IK ill Ill I II Ill I11 llll Illlllllill Ilillll| II IIIllllllllllllll

• l,,q _ tp_+..,_.,+,,, +_h,i I. • ... _+., 0 J+ ,, • _ • t +q, ,'+ll_'ll illlillllllllnlllll+illllrlutl_lll.+lillllllllt4111111*lllOll_,l.l_w_l_lm



EVA-PSi
LOW COSTEVALUATION& EMULATION BOARC

• SINGLE 26 cm x 24 cm BOARD

• 68000 BASED MONITOR

• LINE/LINE ASSEMBLERIDESASSEMBLER

• PROGRAM DOWN-LOADING FROM HOST OR HDS-PSI

• SOPHISTICATED BREAK POINTS

• TWO R8232 SERIAL LINKS FOR : • TERMINAL

• HOST

• PRINTER

• FREE WRAPPING AREA (80 cm2) FOR APPLICATION

TELECOM MARKETING

OCTOBRE 86 SGs'THo MSONI
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THE ASSEMBLERAND THE REVERSEASSEMBLER

INCLUDEDIN THE EVAPSIFI_IWARE.

IT GIVESA OUICKWAY TO DEBUGAN APPLICATIONDIRECTLYON THE;

EMULATOR.

IT ALLOWSTHE PROGRAMMERTO PATCHTHE PROGRAMMEMORYOF THE

EMULATORIN ASSEMBLYLANGUAGEWITHOUTrIODIFYTIIESOURCEFILE

AND WITHOUTUSINGTHE MACROASSEMBLER,

THE REVERSEASSEP'J3LERALLOWSTHE USERTO READMEMORYPROGRAM

CONTENTIN ASSEMBLYLANGUAGERATHERTHAN HEXADECIIIAL.

SGS'THOMSON i _ ii I I lilll lLAIql_Mow 7-y



i TS68930--31
i

DEVELOPMENT

HDS PSI EMULATOR

- INTERACTIVE MENU DRIVEN INTERFACE

- BACKUP OF HDSPSI CONRGURATIONS IN CMOS RAM (64K)

- MULTIPIKX;ESSING - UP TO 4 EMULATOmL.A CONTROLLED BY A USER

- MULTIUSER - UP TO 4 USERS CONTROI_UNG INDEPENOANT EMULATORRL.A.

- REAL TIME EMULATION - INTERNAL, EXTERNAL OR APPLICATION CLOCK

- 64 K x 32 INSTRIIC_ON MEMORY

- SOPHISTICATED BREAKPOINTS ( 20 ON ADRESS,8 COMPLEX (N ADR.1 FOLLOWED BY M ADR.2))

- PSEUDO REALTIME TRACE PROVIDING INTERNAL REGISTER EXAMINATION WITHOUT

PERTURBING EXECUTION

- 4K x16 BITS EXTERNAL DATA MEMORY - MAPPING ON A WORD BASIS

AUI|IIR

fff ! EI1! NC( gaff SGS-THOMSON
iJ i
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D.S.P. and MAFE
h

.......... _ i i iii i -- i

^VA'LAS'L'TYIPLAN.IJ

IC,S. AVAI.LABILITY:.
-TSEIS30 - D.S.P. WITH INTERNAL ROM

-T$61131 - D.S.P. ROMLESS

- TS6119S01SllS2- MA_ KIT

ENGINEERING

SAMPLES

(not applicable)

Available

Available

QUALIRCATION
SAXXI_S

i i

ROM.code
accepted now

Availabla

Available

PRODUC'nON

iiiii m , • _i •

Available

Available

Available

OCTOBRE 85
=

,, 1ELECOM MARKETING __" SGS-THOMSON
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D.S.P. and MAFE
I I

i=- , , ,i, .... ,

Ii-- .... i

AVAILABILITY PLAN

SOFTWARE DEVELOPMENTTOOLS

MACROASSEMBLER

SlUULATOR

m_-PC_,AT)
VAX-VMS
•VAX- UNIX

,p.VAX- ULTRIX

IBM-PC
YAX-VMS
VAX-UNIX,ULTRIX

AVAIl.ABLE

AVAL_LE

ROUTINE LIBRARY IBM-PC AV_t_

OCTOBRE86

TELECOM MARKETING
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i]os. .....^E, " 'YII• P. AND M F VAILABILi
i --_ in | l

MODEM ORIENTED SOFTWARE
i

-Y22 his (2400 BPSMODEM) Q3 87

Thisprogramwill haveIn backmodeIhe Y21,V22,V23,BELL103and BELL21_A.

i An appllcallonnolewill be Issued.-V32 (9600 BPS MODEM) END 87

|
).
G_
!1"1

m

z
o

r-

i1|

OCIOBRE86

_l Echocancellationsollwaroappllcallon nob wig be prided (mid07)We 11provide a lullV32 modemchipsd (end87)

1E,LECOI_ M_,RKETING ,, __'1" SGS-THOMSON
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HARD,WARE,,,DEVEL0 PMENT_TOOLS

-.EVAPSI- STAND-ALONE EMULATOR

-NDSPSl - MULTIPROCESSORHARDWAREDEVELOPMENT
SYSTEMWITH LOGICANALYSIS

-EVM MAFE-MODEMANALOGFRONTENDEVALUATIONBOARD

-PSI REPROM- REPROMMODULEWITHROMLE$STS$8931

AVAILABLE

AVAILABLE

AVAILABLE

AVAILABLE

NOTES:
(1) EV_Sl

(2) HDSPSl

(3) PSIREPROMmodule Is pluggableIn a

OCTOBRE 86

emulator and IBM-PC macroammbler

: ep Io 4 (emulation+ logic anaJysl:)board:

are Ihe minimum legit for thedevelopmenlof an@pllcdon

4! OIP(TS$8930D.S.P. ROMVERSION)sockeL Devoloppedfor prololyplng

_,k'__. SGS-THOMSONTELECOM MARKETING
=
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I TS6B930 -- 31 SUPPORT TOOLS i

PSI- REPROM MODULE

-- MODULE WITH ON BOARD

TS68931 : D.S.P. MICROPROCESSEUR

REPROM FOR PROGRAM (2K'32)
REPROM FOR COEFFICIENT (512_1B)

VERSION

- PLUG IN TSBB930 -- 48 DIL SOCKET

SMALL SIZE ( 6CM ) ; VERTICAL OR BENDED VERSION

APPLICATIONS:

PROTOTYPING
PRESERIES

OF TS68930
FOR FIELD VALIDATION

AIITE|IR

R| t[ R| NCE BATE SGS-THOMSON
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TS68930--31 DEVELOPMENT TOOLS I

H DS PSI LOGIC ANALYSER

- LOGIC ANALYSER ASSOCIATED WITH EMULATOR (UP TO 4)

-REAL'I'IME'I]::_CE;2K DEPTH,g5 BITS WIDTH

- 8YNCHI:IONOU8 ON 8YNC. I_O,ASYNCHI::IONOU8 ON SYSTEM BUS

- TRIGERRING FEATURES ;

- ADRESS BUS (SIMPLE ADRESS OR AFTER N ADR.1 FOLLOWED BY M ADR.2)

- VALUE ON D BUS

- BRANCH CONFIGURATION

- EXTERNAL INPUTS OR START OF MAILBOX EXCHANGE

- BEFORE, AFTER, AND B_EN BOUNDS TRIGERRING

-'rIME MEASUREMENT FONCTION

AIII[UR

m,mNC[ .....^1; SGS-THOMSON
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DEBU5_NITOR

THE HDS PSI AND EVAPSIARE CONTROLLEDBY THE MONITORPROGRAr.I.

DEBUGMONITORIS INTERACTIVEMENUORIENTED.

EASYTO USE,NO LEARNINGTIME

KEY FEATURES:

- READAND MODIFYALL rIEMORIES,INTERNALREGISTERSAND INPUTS/OUTPUTS

RELATIVETO THE PSI.

- CONTROLPROGRAMEXECUTION,BREAKPOINTS,STEPBY STEP.

- INFORMTHE USERAT ANY Tire OF EMULATORSTATE.

- LOADOBJECTFILESFROrlHOST.

- SUPPORTASSEMBLERAND REVERSEASSEMBLER.

I II I I I I I

SGS-THOMSON [
MUO|UA I O't!LARI_NoH 7- y o_/86
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EVAPSI STAND-ALONE EMULATOR
KEY FEATURES

- FULL SPEED

- PROGRAM MEMORY 2K

- 2K EXTERNAL LOCAL

- MAILBOX EMULATION

- HIGH LEVELBREAKPOINTS:

EMULATION (Tcycle= 160ns)

32 bils INSTRUCTIONS

D.S.P. MEMORY

20 BREAKAT ADR. N

8 BREAK AFTER N ADR.1 FOLLOWEDBY M ADR.2

- PSEUDO-REAL TIME TRACE PROVIDES INTERNAL REGISTER EXAMINATION WITHOUT

PERTURBING THE APPLICATION

- STEP BY STEP MODE

- PROBES FOR 48 DIP TS68930 AND 84 PGA TS6893t

- USER FRIENDLY MENU

- 2 RS232 LINKS FOR HOST,PRINTER,PROM PROGRAMMER,....

- PROVIDED WITH CMOS RAM WITH BATTERY FOR BACKUP

AUT|UR

R(F[H[NC[ DAlE SGS-THOMSON
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DEVELOPMENT TOOLS
2 SOLUTI ONS

I
VAX

IBM PC

RS232

_ term.

EVA PSI

supply
5V

AVAILABILITY

NOW

2
VAX

IBM PC

RS232 HDS PSI

cp1_L_,cat_tt

SGS-THOMSON
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MACROASSEMBLER PSIMAC

RUNS ON IBM-PC,XT,AT AND VAX (VMS OR UNIX) OR MICROVAX (ULTRIX)

- MACRO DEFINITION AND MACRO CALLS

CONDITIONNAL ASSEMBLY

HIGH LEVEL LANGUAGE LOOP FACILITY (REPEAT , BEGIN, END)

MULTIPLE OUTPUT FORMAT GENERATION

DATA MEMORY FILES GENERATION

__'_:_ SIMULATION FILES GENERATION

POWERFULL EXPRESSION FACILITIES

SGS'THOMSONj_, I_[l©l_@_kl_©Y_@l_D©_

.................. .I I I | ( I I
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OCTOBRE 06

MACRO ASSEMBLER

• MACRO DEFINFHON AND MACRO CALL

. CONDITIONAL ASSEgBLY

• HIGH LEVEL LANGUAGE LOOP FACILITY

. MULTIPLE OUTPUT FORMAT GENERATION

• DATA MEMORY GENERATION

• _TXON HLE C-ENERATION

. POWERFUI/. EXPRESSION FACILITY

]ELECOM MARKETING
SGS-THOMSON
I_I]@I_@I_iI..,_@TI_@I_Ii®_
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STANDARD

B 201/ V 26

B 208/ V 2/

B 209/ V 29

v 33

V 26 TER

V 32 (q800)

V 32 (9600)

HD: 2W

FD: 2W FULL DUPLEX

- MODEM APPLICATION COVERAGE -

i i ii

SPEED (BPS)

2(JO0 HD

q800 HD

9600 HD

leaqO0 HD

m i i i

2qO0 FD/EC

q800 FD/EC

9600 FD/EC

• iml ......

9600 FID/FP

,,m

HALF DUPLEX OR 4W FULL DUPLEX

DSP

TS 68930
i

1

I

1

2

1

2

3

2

li

HAFE

TS 68950,I,2
,i

1

1

I

I

I

I

i i -

STAPIDARDHEMORY

(55 .s, C-MOS)

0

0

0

2x2Kx8

. i

2x2Kx8

2x2Kx8

qx2Kx8

i ii

1

. --. m i i i

EC: ECHOCANCELLATIOf!

FP: FAST POLL

0

OCTAL

BUFFER

0

0

0

0

l

0

0

0

(15 HS ON LEASED LINES )

_,_" SGS-THOMSON ^_.m I D^_T__:Luc.ARY,, .ARS1986
I1 _

< f I (+ _ l ( (" I I l l I I I I I l
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TS7532

V.32 MODEM CHIP SET

FEATURES -

• Integrated implementation or1 three DSP and three MAFE chips.

• CCITT V.32 compatible modem chip set.

• Full duplex operation at 9600 and 4800 bps.

• Full implementation of the V.32 handshake.

• Single DSP cancellation of both near-end and far-end echoes.

• Two satellite hops and frequency offset capabilities for the far end echo canceller.
• Trellis encoding end Viterbi decoding.

• 12.5% roll-off raised cosine transmitter pulse shaping.

• High performance passband fractionally spaced adaptive equalizer.
• Signal quality monitoring.

• Parallel Interface to standard microprocessors.

• Bit rate data clocks provided for synchronous data transfer.
• Full diagnostic capability.

• DTMF generation.

• Call progress tone detection.

Future Ulxjrades to Include V.22bis, V.22, B212A and FSK without hardware modification.
q

THOMSON
MICROELECTRONICS

J



Digital Echo Canceller with Analog Cancellation

TX D/A FILTER

%
Receiver

INT.

ND

ECr ,

S/H FILTER

H

i { + t I I 1 I I I l I I | I I I I
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Typical Dialed Connection

MODEM
"1

MODEM

- Four-.wire _ ._L
__ Carr,er I H _ H I

T- --6_,,_ii- _ C,rcuit __J ,__,,eL_



TS 68952

THE TS 68952 SYNTHETISES ALL THE REQUESTED CLOCK FREQUENCIES FOR

VOICE-GRADE MODEM APPLICATIONS CONFORMING TO CCITT AND BELL

RECOMMENDATIONS. IT PARTICULARLY SUPPLIES ALL CLOCKS REQUESTED BY

THE TRANSMIT (TS 68950) AND THE RECEIVE ('T'S 68951) SECTION OF THE
MODEM ANALOG FRONT-END AND BY THE DIGITAL SIGNAL PROCESSOR O'S 68930)

MAIN CHARACTERISTICS'.

DPLL TRANSMIT AND RECEIVE TIME-BASE
i FREQUENCY PROGRAMMATION AND SYNCHRONIZATION OF DPLL THROUGH

8 BIT STANDARD BUS

• POSSIBLE SYNCHRONIZATION OF TRANSMIT TIME-BASE ON DATA TERMINAL

EQUIPMENT CLOCK OR ON EXTRACTED RECEIVE CLOCK

• FOUR AVAILABLE CLOCKS (PLESIOCHRONOUS TRANSMIT AND RECEIVE) :

BIT-CLOCK, RATE-CLOCK, SAMPLING AND MULTIPLEXING CLOCK

• KIT WITH TS 68950 AND TS 68951

. CMOS SI - GATE TECHNOLOGY

• SINGLE + 5V. POWER SUPPLY

• 28 PIN PLASTIC PACKAGE

TELECOM MARKETING

OCTOBRE86 SGS-THOMSON

I I I I I i '.. I I I I I | I I I ! I
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TS 68950

THE TS 68950 IS THE TRANSMIT SECTION OF THE ANALOG MODEM FRONT-END

WHICH, ASSOCIATED WITH A DIGITAL SIGNAL PROCESSOR, AS THE TS 68930,

REALISES VOICE-GRADE MODEM APPLICATIONS CONFORMING TO CCITT AND

BELL RECOMMENDATIONS.

MAIN CHARACTERISTICS :

• DIA CONVERTER 12 BITS MULTIPLEXED ON TWO CHANNELS (ONE CHANNEL

FOR ECHO- CANCELLATION)
• 6 TH. ORDER LOW-PASS FILTER AND SMOOTHING CONTINUOUS-TIME FILTER

• 0 TO 22 dB PROGRAMMABLE ATTENUATION

.8 BITS STANDARD BUS FOR DIGITAL INTERFACE

• KIT WITH TS 68951 AND TS 68952

• CMOS SI- GATE TECHNOLOGY

• +1-5 V POWER SUPPLY

• 24 PIN PLASTIC PACKAGE

i

TELECOM MA_iKETING

0CTOBRE 8G
S(;S'THOMSON I
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_ILF_J2LI_Z : Dn " Yn + Cn'Xn

(Flq 2.3.2s)

In example 1 the operation takes 4 cycles. It the
operation Is repeated (as It Is the case in signal
processing) the delay remains the same but the
throuqhput is a totally dAtferent matter. It v111
depend on the nu_er ot operations possible in 1
cycle.

L R Z
N NOTES 0US BUS MULT RALU BUS

i

I Co xo Co Xo -._

2 Yo _ Yo

[

3 C, X, C, X,- Co Xo. Yo -_qD

rrl

r-
>
2

Z
0
.-t
"1'I
r-

rrl

L

ti Y;' ._L Yz O,

7 elc Ca. Xa, q, Y)
I I

SGS-THOMSON II
atmlf Ull

I I
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r_UI_zLqL.I : D " Y + C'X

This equation will take 4 cycles (1 to read, 2 for
the aultiplication and 1 to write)

N I

4

NOTES
t R

BUS. BUS

C X

MULT

cx-- !

L

Z
RALU BUS

l__'_". SGS-THOMSONI [
AIII|UR

i ii

]
iii

Oel[

L'SI
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IMPLEMENTATION

The algorlthm is shown for the first sample (n - 0)

(I) O0 - S O + CI.D_ 1 + C2.D_ 2

(2) R0 - DO + C3.D.] + C4.D_ 2

qiving

S o

D- 1 ,D. 2

R o

CI, C2, C3, C4

- input samples

- intermediary results

- output results

- coefficients

The variables and coefficients are located as follows :

S O - input sample in A accumulator

D- 1 , D. 2 - £nteruediary results stored in

R0 - output result , viii be left £n
A accumulator

C1, C2, C3, C4 - coefficients in CROM

I II I

| i

[7 7. SGS-THOMSON ] [

I I I

,i

""""" I L 2?.
le . .....
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II

i
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The equations ot the blquadratlc tilter (commonly called
blquad) can be wrltten as :

(1) Dn - S n + C1.Dn_ 1 + C2.Dn_ 2

(2) Rn - Dn + C3.Dn_ 1 + C4.Dn_ 2

vlth

s n

Dn- I ,Dn-2

Rn

CI, C2, C3, C4

- input samples

- intermediary results

- output results

- coeftlclents

SGS-THOMSON] [
AUI(UA

I L20
IL i

0A1¢
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EXAMPLE OF PSI PROGRAf'I: A BIOUADRATIC FILTER

[_7. SGS-THOMSON ] [.... "_°"°" l L '_.... °'" _
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COHTROLAND INITIALIZATION INSTRUCTION : INX

This instruction has 3 fields :

- MODE FIELD

This field provides the
blts of the STATE REGISTER.

Initialization of the MODE and SAT

operating modes z

) operating modes can be chosen z
• R_L mode (16 bits lsnqht data and ALU)
• CPLX mode (2x16 bits lenght data and ALU)
• DBPR mode (32 bits lenght data and ALU)

I .... / .... I

saturation mode :

If the saturation mode Is chosen [SAT-l), the ALU result is

forced to the greatest positive value ($TFFF) in case of positive
overflow, or to the greatest negative value ($8000) in case of

negative overflow.

SGS-THOMSON
| i i ii |1 i

Oall
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SAVE INSTRUCTIONS : $VR. NOP

SVR and NOP are single-field inmtructionm
( HOP \ is equivalent to SVR D, \ ).

X0

Xl
YO

Yl

C0

Cl

EO

El

AMR

LC

STA
A

F

D

XO, Xl cannot be saved Ln XRAM.
Y0, Y1 cannot be saved In YRAM.

SGS-THOMSON] [ '
111 I I UIII
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CALCULATION INSTRUCTIONS : OPIN. OPDI. OPI_

They are three or four field instructions z

1) Z___, which allows transfer ot previously obtained
results towards other resources _speclally In RAM),
by aeans of bus Z.

2} L__ and 3) E__ which allow the aultiplier
inputs to be loaded and the operands to be brought at
ALU input.

4) The _ which completes ALU operations on the
operands, and updates the status register.

writing an OPIN, OPDI, OPIM instruction should be carried out
respecting the general and special rules stated below z

- ERAH (external RAM) and CROM (coefficients ROM) cannot be
simultaneously addressed in an instruction.

- An memory cannot be a source and a destlnatlon.ln the same
instruction.

- Two different addresses of a same memory cannot appear In
the same instruction.

I I II

[ S6S-THOMSON] I
,ulfum

I I I l l [ l [ I I I I [ I l I I I



I I I ( I I I f I I f ( I f I i I t f

PROGRAMMIN6WITH THE

__P_" SGS-THOMSON

PSl ( TS 68930 - TS 68931 )

AUIIUg
Doll ]
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- DSP DEVELOPMENT - TOOLS -

FOR EACH STAGE, APPROPRIATE TOOLS ARE PROVIDED:

• i) HOSTCOMPUTER SIMULATIONS:

- ASSEMBLER (PSl ASM)

- SIMULATOR (PSI MUL)

• 2) REAL TIME EMULATION:

- HARDWARE DEVELOPMENT STATION (HDS)

- EVALUATION BOARD (EVA PSl)

• 3) PROTOTYPING:

- TS 68931 WITH FAST C-MOS SRArl (55 NS)

- ?_'i. SGS-THOMSON ' '
J Au'rI_UR:LUC MARY

i,

I)A'I'E:

FARS 19._6
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I TS68930/31 KEY POINTS OVERVIEW

FEATURES BENEFITS

TRUE HARVARD ARCHITECTURE SAME EXECUTION TIME MCU_MPU VERSIONS
NO INSTRUCTION _ DATA BOTTLENECK

3 DATA BUSES

ON-CHIP RESSOURCES
(RAM's,COEFF. ROM, PROG. ROM)

COMPLEX DATA PROCESSING

2 READ, 1 WRITE IN ONE CYCLE
(MULT_CC & UPDATE COEF IN ADAPTIVE FILTERS)

MINIMUM PART COUNT

1 COMPLEX MULT._320ns 12.5 MEGA REAL M_S

REPEAT INSTRUCTION BLOCS CODE COMPACTION

LOCAL BUS (16 bits or 2x8 bits) EXTERNAL DATA READ or WRITE AT FULL SPEED
NO GLUE REQUIRED TO CONNECT PERIPHERALS

SYSTEM BUS ( and MAILBOX )

Atl||tlR

I]( F[ H! NE[ DATE

STRAIGTHFORWARD MULTIPROCESSOR CONFIGURATIONS
CONNECTION WITH HOST CPU WITH DIFFERENT SPEED
NO GLUE

SGS-THOMSON
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SYSTEM C0NF I GURATI ON

A0

DS

R/W

DTACK

:_ I PL0-2 ;_

DATA- BUS

RS

m

_)SDS

R/_
DTACK

SYSTEM BUS

I I I

S6S-THOMSON ''
],,I_D©I_@_IL_C_YI_D(_ L......

I I I I I I I

I I

I
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MCU

Terminal clock

i

SYSTEM

A BUS _,

to others DSPs
and/0r RAMs

:_..
II

II

,,baud . , i
Tx sampling clocks, .

, f Tx clock
,' generator
i I
I | I=moo=t,=e==_omeoe

I' Tx
DIGITAL LOCAL , i MODEM

SIGNAL BUS ._L., ANALOG __.PROCESSORA FRONT-END Rx
_1 V ",, v

(data) (DSP) (signa_mples (MAFE) <

....I
"baud generator

Tx .1sampling I c'°cks

MODEM transmission function

MODEM IMPLEMENTATIONWITH DSPAND ANALOGFRONT-END
.... SGS-THOMSON

TE LECOM MARKETING
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THOMSONSIGNALPROCESSING

TS68930/'1368931 (PSI)

- TS68930 SIGNAL PROCESSOR WITH INTERNAL ROM

- TS68931 SIGNAL PROCESSOR WITH EXTERNAL PROGRAM MEMORY

- T868950151/52 MODEM ANALOG FRONT END

TELECOM MARKETING

OCTOBRE86 SGS- OMSON
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Z

2

The IMS 1414-20

2 KBYTES

ON CHIP
RAM

32 BIT

PROCESSOR

LINK 0

full 32 bit processor

2 KBytes 50ns cycle RAM

four inter-processor
communication links

[ LINK 1 I configurable memory

LINK 2 I interface

LINK3 I standard 5 volt supply

EXTERNAL MEMORY INTERFACE

dissipates less than 1 watt

Only requires 5Mhz external Clock

"It
m

f-



Transputer Registers

i ml i t

A I,
g
C '

Workspace

Next Inst.

Operand

expressions are evaluated on
a short stack

compiler introduces necessary
temporary variables

operand register
operands

to build up

Error Flag

I I I ( I ( I I I I I I ! I I I I I
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Instruction Format

7 43 0

I Functi°nl Data I all instructions are 1 byte long

larger operands are built up
Function is e.g. :- using operand register

load,
store, more complicated, instructions

are built up using operand
jump, register

add constant etc.



r

Operand. Register

I
J

31

13 01 i all instructions _l°ad their

7 4
data mto least 4 bds of

IFunction D_a the operand register
all instructions then use

Operand Reg the entire operand register

I I
43 0

- existing bits in higher end
of operand register will be
used

I I I I I ! I ._ I I__ I L I _1 I _ I I ., I t
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Prefix Instruction

I Pfix I Datal

! A ] B I Datal Operand register at start of

jjj pre,x,.s,ruc,o.
A I B ]Data I I Operand register at end of

empty _ prefix instruction

Negative prefix inverts register after load



Operate. Instruction

operate instruction loads its

7 4 3 0 data into least 4 bits of
the operand register

I. Opr I Data I processor then decodes the

U operand register as a new

Operand Reg I | ' 31instruction.instructionsI available

31 4 3 0 wdh,n one byte

- remainder of instruction set

uses two bytes (accessed
by using prefix then Opr)

i [ I I ( I I I I I I I I I I i t I I
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Code size

Single byte format reflects frequency of

local variable access

small jumps
small immediate operands

Typical HLL programs require less than 30% of instructions
to be prefixed, resulting in very compact code,



T414 Address

Top of memory

Space

4 GigaByte
Address Space

Off-Chip

On-Chip

Reserved

linear address space

byte addressed

off chip accesses
at 150ns.

on chip RAM cycles

performance gain from
high speed RAM.

can

at

cycle

50ns.

using

L I I I ! I I I I ! I I I I I I I I I
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The Interprocessor Communication

- point to point

- bidirectional

- serial

- Up to 20

- no need

communication

Mbits per second

for common clock

in

DMA supported

automatic acknowledgements

each

per byte

Links

direction



r

Data and Acknowledge Packet

Start byte of data

oj,O,OlOlOio,  ,oo/ data packet

acknowledge packet

%.=

.#
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Interrupts

- want to force an interrupt service
on receipt of an "interrupt" signal

routine to run

- can do this by communicating with a
process which is currently waiting

high priority

EventReq and EventAck form a
pair of signals, which can cause
scheduled

handshaking
a process to be

- 2900 ns maximum latency using internal RAM



Example Small DRAM System

F--q E::I r--] F--'] r--] r--] [::::] r--7 r--]

 BBBBB2EBE
_ I---I i---I I---] 1--1 [:::] I---I i---I !:::::::]

ITT_'-I [_ I-_-I i F244 l[_ I F2'14 I

1 IsFI4 1

12966 I I 22V10 ]_

I_ I ISLe I
l' c°°2 I ILS245l

B004 Transputer Evaluation Board

- 2 MBytes Dynamic RAM with

- T414 32 bit transputer

- C002 link adaptor

- IBM

parity

PC

l I ( I l I I I I I I I I I I I I I:
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IMS .T414 program execution

Language

Operators

i

construct Program

(Bytes)

1
2

2

size Execution time

(Cycles)

==<>s<j>s<=s>=

Expressions

variables on chip

expressions as subscript

constants

Assignments

to on chip variable

vector size n on chip

2

1

1

1.3

1

4

1

39

40

3

2

1

1

1

2n+4

Average Figures
IMS T414-20 executes 20 cycles per microsecond
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Single transputer benchmarks

Dhrystones/sec

IMST414-20

180386-16

11,345.

6,133

MC68020-16 4,746

Typical integer pedormance

Whetstones/sec

IMSF424-20 4,000,000

180386-16+
180387-16
MC68020-16+
MC68881-12

IMST414-20

1,800,000

755,000

647,000
|ill i i

Single precision floating point
Single chip F424 INMOS eslimale
Chip set 386/387 Intel estimate

I I l _ i ( I ( I ( I I __1 I __ I i I I
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Transputer Development Systems

IBM PC or VAX/VMS based tools

Mixed language development
-occam for concurrent programming
-C,Pascal and Fortran to preserve investment

Source level debug

Use with evaluation boards or your own design
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r

Transputers and DSP

The transputer allows DSP algorithms to be distributed
amongst several processors.

Essentially linear price / performance tradeoffs .

For floating DSP, the F424 should be used, as it incorporates an
on-chip floating point engine.

For improved performance dedicated hardware, e.g. IMS AIO0,
can be memory mapped.

L I t ; f i I I I I I I I I I I I I I
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o @o_mos

The IMS AIO0

Cascadable

Signal
Processor

A next generation signal processing system component



r

INMOS Design Goals

Address high performance DSP market (3 - 3000 MOPs)

Overcome traditional DSP hardware design

complexity for high performance systems

Eliminate requirement for separate language for
programming DSP devices

Produce a complete DSP systems design methodology

Develop a range of products which offer a genuine
price/performance tradeoff with extensibility

Ship and support a complete solution for

system engineers

I I I I i I I I I I I ! I I I I I I
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o

Key DSP System Engineering Problems n_m°s(_,

Input/Output bottlenecks

Interfacing to system host processors

Design time i.e. ease of use

Support tools

Goal:Enable the systems engineer to concentrate
on the algorithms, not the hardware or software
required to implement them.



Conventional Approaches

Most DSP chips, wether building blocks (MAC, bit slices),
or single chip solutions, concentrate on solving:

N o

Y=_ CiXi
i=O

where:

C i is some algorithm related coefficient, and

X i is an input data sample

I _ = = j I I I I I I I
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Conventional Approach Block diagram
III II

I,, Pr°grammab!e C°n!,_OIler ...............

o @_mos

Address 1 Address
Generator

Address
Generator

Address 2
m,=

Operand 1

Address
Generator

Result Address

X

Result Data

Operand 2



ill illl
w'-

D
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INMOS Approach

Most DSP algorithms can in fact be expressed in the
general form:

y(kT) _-

where:

x(kT)

C(O)x(kT) + C(1)x((k-1)T) . ...
... + C(N-1)x((k-N+I)T)

is the current time sample,

x((k-1)T) is the previous time sample, etc

The key is to recognize that in evaluating this
time sequence, the only data of any use is
the final answer.

( I I _ = i i I = z I ! I ! I I I I I
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Canonical transversal filter architecture
° @n_mos

I

Input

c(o)

-1
Z

C(1) C(30 C(31)

_ Represents onedelay stage

_pOutput
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Modified transversal filter architecture

Input
mum

c(3 c(3_, c(

r

'""" ........ _Output

I ( I I l I ( I I I I I I I I I I I t
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IMS AIO0 User Model
o ®n_mos

SMI

Input

Cascade

Input

Asynchronous

Update Coellident Register (UCR)

Current Coefficient Register (CCR)

Multiplier
Accumulator

Array

32 cycle delay (24 bits)

[Synchron(;us •Functions

_i_!!_i_!_i!_!_i_ii_!i_!_i_i_i_!!_!!i_!i!i!!_!!_i!i_i_!!ill_i_!!ii_!_i_

24 of 36

selector

Busy
Go

Clock

Reset

Error

Data

Output
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IMS A100 memory map

Address 0 U date

Coefficient

Registers

32 Current

Coefficient

Registers

Slalic Conlrol Regisler allocation (SCR)

Coefl. size 8

64

66

72

74

76

Static Control Register SCR

'Active Control Register 0

Data Input Register DIR

Data Output Register DOL lS 8

Data Output register DOH

--' 16 bits "=
v

= RESERVED - Wrile zero to Ihts location
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I I I I l

r'-

m

CE

CS

ADDRI0-6I

Write Enable

MemData

IMS A IO0 Write Cycle

o

n_mos (_,
I

i-ql

!

|

I

\

100 ns -_
i, vl

I

|

/ ,'k__

r_J____''':+':"++""+'+" ":"+" :_"'+'+" "++'++"""+_+:+'+':+:"



A simple IMS AIO0 based system

General purpose
Microprocesor

(e.g Transputer)

Data

In

Go

IMS AIO0
Cascade

Dala

Memory Bus

IMS AIO0
Cascade

Data

IMS AIO0

Data
Out

Clock

_ f I I I { I I I ! I I I I I I
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Primary Functions
o @_mos

Fixed and adaptive FIR or IIR filters up to
IOM Samples/s

Correlation and convolution

Discrete Fourier Transforms

Pulse compression and beamforming

Fixed point matrix multiplcation

Note : All algorithms can be use either real or complex
data and coefficients



Application areas

Communications

Radar and sonar systems

Image processing

Control systems

High speed real time instrumentation

Workstation turbocharger

; I ,f , i ; ! { I I I I I I
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A IO0 FIR filter implementation
- @_mos

Input
IlliI

b(3 b(

.............. _-_
Output
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D_

i

i

in

C_
in

"0

i

i

lib

0
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Modified IIR filter design

n

n_mos @

Input

a
a al

b b b 1 bo

Output
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i|

° 0,n_mos
Coefficient Allocation for IIR filter

Memory
Bank A

31 5 4 3 2 1 0

Memory
Bank B

Mode set to :'Continuous Bank Swap'

I I I I { I I ( I I __I I __ I I __ I I
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Correlation and Convolution

1 f +TO2 x(t' -'_)y(t)dt
Rxy(1; ) = "T"o _T O

2

+T

Cxy(, z)= lira 1 f _-'1;_ oo _ -T

2

x(t)y(+_-t)dt

become in discrete time

N-! N-I

-'Z -'ZRxy ( mT ) - -_- x((k- m)T)y(T)dt Cxy( mT ) - _ x(kT)y((m- k)T)dt
k=O k=O

)



Conventional Correlator Structure

X o

Output

"Y 3# 2'y I 'y o -1 -1
Z Z

_ Represents onedelay stage

!l I I 1 I I 11 i I I I ! I I I I I i
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62 point correlator with 2 A100s

Sample of y(k)

i ,Mulllply-and-accumuiafe

array

shifter shifter

IMS AIO0 IMS A100
Output

( ( t _1 I - I I j I I I J_ I _1 I I I I |
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FFT Butterflies o @n_mos

B W

A+B*W

A-B*W

k

k

A A B*W k

B k AIB,wk

W

FFT BUTTERFLY

0

1

2

3
4

5

6
7

0

4

2

6
1
5

3

7

8-POINT FFT
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DFT Computation
xlnlL

i

n012 34 5 6

N-1
nk

X(k) ='___j x(n) W N

0
.2xJlN

where W N = e

X(n)

I,i'1I
0123456

x(o)

x(1)

x(2)

x(3)

x(4)

x(5)

x(6)

m

m

W 0 W 0 W 0 W 0 W 0 W 0 W 0

W 0 W 1 W 2 W 3 W 4 W s W e

W 0 W 2 W 4 W 6 W 1 W 3 W 6

W 0 W 3 W e W 2 W s W 1 W 4

W o W 4 W 1 W s W 2 W 6 W 3

W 0 W5 W3 W 1 W 6 W4 W2

W 0 W 6 W 5 W 4 W 3 W 2 W 1

Requires N 2 complex multiplications (49 in this case)

x(o)

x(1)

x(2)

x(3)

x(4)

x(5)

x(6)

o @, mos

v

k

I I i I I ( I I ! I I l I I l I I l I
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f

Mapping DFTs onto the A100

a) Radar's Prime Number transform (N prime)

x("_l_l Permute

complex convolution
with a permutted
exponential

Permute

_ x(o)
x(N-1)

_1 x(o)

b) Chirp-Z-Transform (Any N)

X_complex convolution
"-_ - _irpsignal

I premultlpllcatlon I postmultlpllcatlon
' by the chirp I by the chirp

(-1¢1k2 IN) (-xjk 2 iN)
e e
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E A A A A A A

O O O O O O

o,-'-, X X X X X X

A A A A A

X X X X X

0

A A A A A A

O O O O O O

X X X X X X

_' A A A A A A

I

0 X X X X X X
!

o !

!

!

i !

I

E II

I

11 l

!1 i il
!

!

I

II |

!

X X X X X X ', X X
!

I

D

ee

A A A _

X X X X
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7 Pt DFT- Circulating Permuted input

2

C(O)= C(1)= C(2)= C(3)=

W1 ,3 W 2 W6 4

C(5)=

W 5

X(5) X(4) X(6) X(2) X(3) X(1)

time



7 Pt DFT- Circulating Twiddle Factors

2

c(o)= cll)= c(2)= c(3)=
x(s) tx(4) x(6) px(2)

c(5)=
x(1)

x(s) x(4) x(s) x(2) x(3) x(1)

time

! I I [ I i I ! I I I I I I I I ( I
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35 Point DFT split

Q

u_mos
into row and column DFTs

n, +
y(n I ,n2 )

n 2

5-point DFT's

n 1

k

v

I

lb.
v

h,.
v

v

i

7- point DFT's

k 2

Y(n I ,n2)



IMS B009: The A100 evaluation Board

Standard _"

INMOS "_-
Links -__

BcM C012

Bus

'!
I N 1 MByte

T41 " DRAM

T212

•, Jumper

_coder

!
I64k SRAM
I Fast DMA

Interface

Data
in

Go

A100

I

A100

I

A100 A100
Data

I I ouz

I! I _ I I I I I I ! I | I { I I I I
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o

n_mos l_
Pipieline of BOO9s

Data

Transputev
Links

T414

T212

A100

A100

A100

A100

T414

T212
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IMS AIO00ccam Simulator Overview

Data PID P Address A100
Controller Model

Source 1 Decode

PID
D C

Libraries

Data D A100
Source 2 Model

C

Data

Source 3

Protocols: P - read.lag; address; I

write.tag; address; data I
D -data(in response to read.tag) I

C- cascade data (INT64) ]

D A100
Model

Ii I I [ l ! ! i I ! I I I I I I I I
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° @0_mos

IMS AIO0 Performance(MOPs)

Coefficient word
size (bits)

4

8

12

16

Sampling rate
(MHz)

10

5

2.3

2.5

one

Effective number of
muliply-and-accumumulates

(Millions/sec)

AIO0

320

160

106

80

four A100

1280

640

424

320

n A100

320n

160n

106n

80n
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Performance Comparison

32 Stage
FIR filter

32 Point
Correlation

1000 Point
DFT

TMS 32020

40kHz

40011S

20-30mS

AMD 29500
,i i

300kHz

1001_S

3-10mS

IMS A100

2.5MHz

(10MHz)

1611S
(400nS)

2-10mS

(<1mS)

• • t r I I I I |
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IMS AIO0 Summary.

The IMS A100 changes the rules for high performance
DSP by providing unrivalled processing power in a
single, easy to use, cascadable device.

INMOS DSP products provide support tools which
provide a complete integrated approach to designing
high performance DSP systems.

With the IMS A100, INMOS leads the way in a new
generation of products which address the real
issues in DSP systems engineering.



r o @,n_mos

Compohent availability

Part No

IMS T414

IMS T212

IMS F424

IMS AIO0

Description

32 bit transputer

16 bit transputer

Floating point transputer

Cascadable signal processor

Pnce

420

315

420

Availability

NOW

NOW

Q2 87

Oct 86

* = 100 unit price in $

I I I [ I I I I I I I I ! [ I I I I
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II II

THE MSM6992 AND MSM699210
DIGITAL SIGNAL PROCESSORS

SEMICONDUCTOR

OKI 'S DSP FAMILY J
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I INTRODUCTION I

'1=

m
F-

Z

2
0
.-I

I"

I. THE MSM6992 DSP

II. THE MSM699210 DSP

II1. COMPARITIVE ANALYSIS OF 22 -BIT FLOATING
POINT VERSUS 16-BIT FIXED POINT

IV. PROGRAMMING THE MSM6992/210

V. SUPPORT

VI. EXAMPLE APPLICATION

OKI 'S
DSP FAMILY J



II. THE MSM6992 DSP I

OKI 'S DSP FAMILY J
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I MSM6992 PHYSICAL PARAMETERS I

125,000 TRANSISTORS

2 MICRON DUAL-METAL CMOS

400 mW POWER CONSUMPTION

SINGLE 5V POWER SUPPLY

100/125 NS INSTRUCTION TIME

OKI 'S DSP FAMILY J
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I MAJOR FEATURES I

MODIFIED HARVARD EXTERNAL ARCHITECTURE

22-BIT (16E6) FLOATING POINT FORMAT

20 MGFLOPS THROUGHPUT

256X22-BIT WORDS INTERNAL DATA RAM

1024X32-BIT WORDS INSTRUCTION ROM

EXTERNAL DATA AND PROGRAM MEMORY
UP TO 64K WORDS EACH

OKI 'S DSP FAMILY j
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IARITHMETIC UNIT I

t

f I ×R II vR I

SCR I

4

AO

AI

J

FLOATING POINT MULTIPLIER
TWO-STAGE FLOATING POINT ALU
TWO ACCUMULATORS

OKI 'S DSP FAMILY j
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[ TWO-STAGE FALU OPERATION EXAMPLE i

SA = MAX 2**EA

SB = MB X 2** EB

ALU OPERATION: SA + SB

STAGE 1. BIT ALIGNMENT AND ADDITION ( RIGHT SHIFT)

SB = [ MB X 2**(EB-EA)] **EA = MC X 2**EA

TR = (MA + MC) X 2**EA = MD X 2**EA

STAGE 2. POST-NORMALIZATION (LEFT SHIFT )

ALU = [ MD X SCALE_FACTOR] X 2**EC = ME X 2**EC

NOTE: STAGES ARE PIPELINED, ALLOWING FOR A FULLY
POST-NORMALIZED RESULT EVERY 100 NS

OKI 'S DSP FAMILY



ICALCULATION OF A SUM OF PRODUCTS I

XR,YR

FMPY
CO*XO C I*X 1 C2"X2 C3"X3

FALU
STAGE 1 CO*XO 1

AO+ %

\
STAGE 2 STORE AO ;TORE A1

TO COMPLETE THE SUM OF PRODUCTS ADD A0+AIj
OKI 'S DSP FAMILY _"
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I INTERNAL DATA MEMORY I

RAMX RAMY

128wx22 128wx22

[ zR I

THREE OPERAND MOVES IN ONE INSTRUCTION

DATA SHIFT POSSIBLE IN ONE CYCLE

RAM AND RAMY CAN BE ACCESSED SEPERATELY

OR AS A SINGLE PAGE RAMXY

OKI 'S DSP FAMILY
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I EXTERNAL INTERFACE I

D D

P
_1--.11. 0

4"- N

OFR

v AO-15

_'_DO-21v

IFO, 1

_0F0,1

L.
C A

0

N A
A

T -
A

R -A

0

L

L

E
.,111

R '"

BACK

DACK

_'DREQ

PSAO

PSA1
CS

"- RD

•"- WR
_- IORQ

TA

MCLK

CLKO
i

RST

MASTER, SLAVE, AND DMA INTERFACE MODES AVAILABLE

OKI 'S DSP FAMILY j
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I

JMICRO-SEQUENCECONTROL BLOCK I

ZERO-OVERHEAD
LOOPING

NO PENALTY
FOR USING EXTERNAL

PROGRAM MEMORY

f

\

I,R ir--
IM _

- f
oD_ROM J

J 1kWX32b
PAO- 15

I
-_x

A

D
D

R

8 LEVEL

,co, LCI

SR J4--------_
IcR

i

I PTO, 1,2

VCC v

GND

J

OKI 'S DSP FAMILY J



I PERFORMANCE I

MSM6992 BENCHMARKS

1024 Complex pt. FFF (rad 2)
FIR filter
2nd order IIR filter

single
plpellned

4x4 by lx4 Matrix Multiply

6.9 ms

100 ns / tap

900 ns
600 ns

2100 ns

CODE FOR ALL BENCHMARKS AVAILABLE ON REQUEST

OKI 'S DSP FAMILY j
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I

[11.THE MSM699210 DSP I

OKI 'S DSP FAMILY J



I OKI'S DSP EVOLUTION I

MSM6_2

77C20 POINT_

Q4 1986
16-Brr\
FIXED )

Q31985

MSM69XX

v k_)_lT'J -.Q1 1989

Q1 1988

OKI 'S DSP FAMILY J
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ITHE MSM699210 DSP I

EXTERNAL VON NEUMANN ARCHITECTURE

1.5 MICRON FULL CUSTOM DESIGN

100 NS CYCLE TIME

TWICE AS MUCH INTERNAL RAM AND ROM

AVAILABLE IN 84-PIN PLCC OR 100-PIN FLAT PACK

PROGRAMMABLE WAIT ST ATES

100% CODE COMPATIBLE WITH MSM6992

LOW COST
OKI 'S DSP FAMILY J
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[ MSM699210 BLOCK DIAGRAM I

I1"1

8 LEVEL

ILC'
I SR 14------,
ICR
I sMR _

IPT0,1,2

vet
GND

A

A

_ scR I

IBUS(22)

,e...e,

w

J

D
P

0

I

R
n

0
U
1
R

! m
I 0 _, ,
I

T

_ ._,_

0 ,
k "

i

L
E _
n I_

,-J_AO-15

_b_.il_D0-21

:F0.1

OF0, I

CD29-:__J_...
CD22/BACK

_41--I_CD23/R_
_'_ CD24/_

CD26/PSA0
_'_ CD27/PSAI
_'= CD28/L"_

IORQ
v

HACK
TA
P/'C"

i,.._ PSTB
HCLK

_- CLKO
v

RST

OKI 'S
DSP FAMILY j
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] CONTROLLER MODE !

USE OF ON-CHIP ROM ONLY

m

"" ]PT0w

v

"- IF0w

v

OF0

OF1

P/C

v_ MCK

,r_ RST

" SYNCv

A0-15

D0-21

CS
RD

WR

IORO
DSTB

PSA0

PSA1

BREO
BACK

DRE_Q
DACK

TA

v

v

A

v

A

v

a_
v

I

I

OKI 'S DSP FAMILY J



PROCESSOR MODE #1
INTERNAL AND EXTERNAL

PROGRAM MEMORY

A

l

w m

L IPT1
,ll,r l

L_Ir

LIF0v

L IF1v

OFO

OF1

p/_"

L MCKv

m

LRSTv

" SYNCv

A0-15

D0-21
C22-31

m

RD
m

WR

IORQ
DSTB
PSTB

HOLD
HACK

TA

0000

07FF
--. 0800

v

v

v

v

v

v

i,.._

FFFF

INTERNAL
PROGRAM

EXTERNAL
PROGRAM

MEMORY

2 CYCLE EXECUTION WHEN EXTERNAL
DATA OPERAND AND EXTERNAL INSTRUCTION

FETCH OCCUR SIMULTANEOUSLY

OKI 'S DSP FAMILY
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PROCESSOR MODE #2
EXTERNAL PROGRAM MEMORY ONLY

._L---_ IM
m

m m

"- IPT0
v m

"- II_l
v

"- ]TT2v

" ]TOv

"- IF1v

OF0
OF1

P/C

A0-15

D0-21
C22-31

m

RD
u

WR

IORQ
DSTB

PSTB

v

a_
v

v

MCK

RST

SYNC

m

HOLD

HACK

TA

V

v

v

v

a_
v

lb.-
V

A

V

0000

FFFF

EXTERNAL
PROGRAM
MEMORY

2 CYCLE EXECUTION WHEN EXTERNAL
DATA OPERAND FETCH OCCURS

OKI 'S DSP FAMILY J



I MSM6992 COMPATIBLE MEMORY MODE I

I - TYPE E- TYPE

255

128

127

0

X2

RAMX

255

128

Y2

127

0

RAMY

511

384

383

256

255

128

127

0

Y2

X2

RAMXY

OKI 'S DSP FAMILY j
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! PAGED MEMORY MODE i

I- TYPE E- TYPE

255 255

PR = 00
READ RAMX
WRITE RAMX

0

RAMX

0

RAMY

PR = 01
READ RAMY
WRITE RAMX

PR= 10
READ RAMX
WRITE RAMY

PR=11
READ RAMY

WRITE RAMY j
OKI 'S DSP FAMILY



l WAIT STATES I

MODIFIES EXTERNAL DATA ACCESS TIME

ALL REGISTERS FROZEN DURING WAIT STATES

100 NS PER WAIT STATE

MAXIMUM ACCESS TIME :~700 NS

OKI 'S DSP FAMILY j
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NEW INSTRUCTIONS: EXPANSION OF IRC FIELD
OF THE CTL INSTRUCTION

The new instructions are:

(1) Set Power Down Mode ( drastically reduces power consumption)

(2) Set Save mode ( freezes multiplier, ALU, restricts accumulator access)

(3) Reset Save Mode ( resets (2))

(4) Set Normalization Inhibit Mode (inhibits FALU post-normalization)

(5) Reset Normalization Inhibit Mode (resets (4))

(6) Set Recover Mode ( same as Save, but XR, PH, and PL are not held)

(7) Reset Recover Mode (resets 6)

OKI 'S DSP FAMILY J



III. COMPARITIVE ANALYSIS OF 22-BIT

FLOATING POINT VERSUS 16-BIT FIXED POINT

OKI 'S
DSP FAMILY j
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I FFT PERFORMANCE COMPARISON I

S
N
R

D
B

9O
m

85
i

8O

75
i

70.
I

65
I

6O

55
I

50.
45

i m

4O I I I I
128 256 512 1024

NUMBER OF POINTS

o 16E6 FLOATING POINT(MSM6992) o 16 FIXED UBFP • 16 FIXED CBFP

OKI 'S DSP FAMILY J



TWO-DIMENSIONAL FFT 512X512
EXPERIMENTAL RESULTS

(16-BIT MANTISSA)

FIXED POINT

-3 _l_, 13 -I-I _' Vl

ERROR

FLOATING POINT ili I

12 ..I.4 4 ill, t

I Illllll kx,_',l,,'x_
ERROR

OKI 'S DSP FAMILY j
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I QUANTIZATION NOISE IN IIR FILTERS J

1,00

0,90

e=45 o

UNIT CIRCLE

OKI 'S DSP FAMILY J



I SNR PERFORMANCE I

S
N
R

I
N

D
B

9O
i

85
i

8O
i

75
i

7O

65

60

55

50

45

4O

i

B

I I I I I I I I I I
0.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99

RADIUS

o 16 FIXED D 16E6 FLOATING

OKI 'S DSP FAMILY j
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I II I

ii

[IV., PROGRAMMING, THE MSM6992/210 ,I

OKI 'S DSP FAMILY J



I INSTRUCTION SET I

IFLA
IFXA
ILO
EFLA

Internal Floating Point Arithmetic
Internal Fixed Point Arithmetic

Internal Logical
External Floating Point Arithmetic

EFXA External Fixed Point Arithmetic

ELO External Logical
MOVE Register to Register Moves
SFT
CTL
LIT
JMP

Shifting Operations
Control Instructions
Literal Instructions
Transfer of Control Instructions

OKI 'S DSP FAMILY j

f f i _ i f f I t ! I I I I [ I I



I I I i I I I I 1 I I I I I I t I i 1

I I

These microinstructions have several
fields apiece in order to support several
simultaneous operations. Mnemonics are
provided for each operation field.

An example of a single 100 ns IFLA instruction follows:

IXY ++ 1,++ 1 :load XR and YR.
FADD PH,A0 :add product register to a0
MOV ZR,ALU :move ALU result to ZR reg.
STM ++ 1 :store ZR into data memory
LOOP; :return to top of code loop

(Note that a floating point multiply is executed as well)

OKI 'S DSP FAMILY J



IFIR FILTER I

in
x(n) _F-'TTIx(n-I)

I -IZl I x(n-2) _ x(n-N+ 1)

y(n)

OKI 'S DSP FAMILY j
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f

SET IXR, 0 H

SET IYR, 8 0 H

SET IZR, OH

SET MR, 0F3H

LXY 0, 0

LXY ++ 1, ++ 1
STM 0

LXY ++I, ++i
FLD PH

STM ++I

LXY ++ 1, ++ 1
FLD PH

STA A0

f

f

f

3H

2H

1H

OH

RAMX

A

B

C

D

83H

82H

81H

80H

RAMY
E

F

G

H

 ,x.I o. I,z.i o. I
,Y.I 80. I M.I ? I

STM ++I ; ,,
FADD PH, A0 XR I
STA A1 ;

PH,AI

A0 ; A0
YR, ALU

YR, A0 ; A1

FADD

STA

MOV

FADD

ew Y.l I

? I z.l ? I

OKI 'S SP FAMILY



I I

f RAMX RAMY -_
SET IXR, 0 H 3H A 83H E

IYR, 80HSET
• 2HSET IZR, OH ,

SET MR, 0F3H ; IH

LXY 0, 0 ; OH
LXY ++ 1, ++ 1

STM 0 ;

LXY ++ 1, ++ 1

f

B

C

D

82H

81H

80H

F

G

H

FLD PH

LXY ++ I, ++ I
FLD P H IYR 80H MR 0F3H

STA A0

STM ++i ;

FADD PH, A0 XR I ? I YR I
STA A1 ;

FADD PH, A1

STA A0 ;

MOV YR, ALU ;

FADD YR, A0 ;

A0

A1

OKI 'S DSP FAMILY
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f

SET IXR, OH 8H

SET IYR, 80H

SET IZR, 0H ; 2H

SET MR, 0F3H ; IH

LXY 0,0 ; OH
LXY ++ 1, ++ 1

STM 0 ;

LXY ++ 1, ++ 1

RAMX
A

B

C

D

83H

82H

81H

80H

RAMY
E

F

G

H

FLD PH

LXY ++ I, ++ i f
FLD PH IYR 80H MR 0F3H

1

,Ao x.I ° i Y.I H
PH,AI
A0

YR, ALU

YR, A0

STA A0

STM ++

FADD PH

STA A1

FADD

STA

MOV

FADD

I
I

 Ao[?jz.o• I I
; A1 ?

OKI 'S DSP FAMILY



f

SET IXR, OH 8H

SET IYR, 80H
• 2HSET IZR, OH ,

SET MR, 0F3H ; IH

LXY 0,0 ; OH
LXY ++ 1, ++ 1

STM 0 ;

LXY ++ 1, ++ 1

RAMX

A

B

C

C

83H

82H

81H

80H

FLD PH

STM ++1 ; IXR I 1H I IZR

LXY ++ 1, ++ 1
FLD PH iYRI 81H I MR i

STA A0

STM ++i ;

FADD PH, A0 XR I C I YR I
STA

FADD

STA

MOV

FADD

RAMY
E

F

G

H

OF3H I

AI

PH,AI

YR, ALU

YR, A0 ; A1 ?

OKI 'S DSP FAMILY
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SET

SET

SET

SET

LXY

LXY

STM

LXY

FLD

IXR, OH

IYR, 80H

IZR, OH

MR, 0F3H

0,0
++I, ++I
0

++I, ++I
PH

- STM +

LXY

FLD

STA

f

3H

2H

1H

OH

RAMX

A

B

B

C

Q

f

83H

82H

81H

80H

+

++i, ++I I
P H IYR, 82H

A0

1 ; IXR I 2H I IZR I

I I I i r

I ill

STM ++I ;

FADD PH, A0 XR

STA A1 ;

FADD PH, A1

RAMY _%
E

F

G

H

1,-,I
i

.,,.,I °':3'-'I

B I,,.I ': I

STAAO  ,0J? I Z. B,MOV YR, ALU ;

FADD YR, A0 ; A1 ?

OKI 'S DSP FAMILY



SET IXR, OH 3H -- 83H
SET IYR, 80H
SET IZR, OH ; 2H A 82H F

SET MR, 0F3H ; IH B 81H G

LXY 0,0 ; OH, C 80H H
LXY ++ i, ++ i '

STM 0 ;

LXY ++ 1, ++ 1
FLD PH

STM ++1 ; IXR I 3H I IZR 2H I

LXY

f

++i, ++I
FLD PH IYRI 83H I MR OF3H

STA A0

STM ++i ;

FADD PH,A0 XR I A I YRI E
STA A1 ;

FADD PH, A1

STA A0 ; AOll D*H ZR I A I
MOV YR, ALU ;

FADD YR, A0 ; AI ?

OKI 'S DSP FAMILY
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f

SET

SET

SET

SET

LXY

LXY +

STM 0

LXY +

FLD PH

STM ++

LXY

FLD

STA

STM

FADD

STA

IXR, OH

IYR, 80H

IZR, OH #

MR, 0F3H ;

0,0

+i, ++i

FADD

STA

MOV

FADD

+I, ++i

3H

2H

1H

OH

RAMX

A

A

B

C

83H

82H

81H

80H

/,

++

PH

A0

++i

PH,A0

AI

PH,AI
A0

YR, ALU

YR, A0

1 ; IXR I 3H I IZR I

i,++i
IYR I 83H I MR

xRI
#

' A0
f

• A1

RAMY

E

F

G

H

2. I
OF3H I

i

ii

o.H z. IC*G

OKI 'S DSP FAMILY



f

SET IXR, OH 8H

SET IYR, 80H

SET IZR, OH ; 2H

SET MR, 0F3H ; IH

LXY 0,0 ; OH
LXY ++ 1, ++ 1

STM 0 ;

LXY ++ 1, ++ 1

FLD PH I

STM ++i ; IXR I

LXY ++ 1, ++ 1

FLD PH

STA A0

RAMX
A

A

B

C

83H

82H

81H

80H

3H I IZR

IYR I 83H I MR

STM ++i ;

FADD PH, A0 XR I ? I YR I

f

f

f

f

STA

FADD

STA

MOV

FADD

A1

PH,AI
A0

YR, ALU

YR, A0

E

F

G

H

2. I
OF3H I

"010"H+B'FZ"I ?
A1 I C*G

OKI 'S DSP FAMILY j

1 I I I I I { I I I I I I I I t I I I



I I I I I I I I I [ I I I I I I I I I

o RAMX RAMY

SET IXR, OH 3H A 83H E
SET IYR, 80H

• 2H A 82H FSET IZR, OH ,

SET MR, 0F3H ; IH B 81H G

LXY 0, 0 ; OH C 80H H
LXY ++ 1, ++ 1

STM 0 ;

LXY ++ 1, ++ 1
FLD PH

STM ++1 ; IXR 3H I IZRI 2H ]

LXY ++ 1, ++ 1
FLD PH IYR[ 83H I MR I 0F3H I

STA A0

STM ++i ;

STA A1 ;

FADD P H, A1

STA Am ; AOI[D*H+B*F ZR _

MOV YR, ALU ; I I

< FADD YR, A0 ; A1 C*G I
, OKI 'S DSP FAMILY



f .A.x
SET IXR, OH 8H A 88H

IYR, 80HSET

SET IZR, OH

SET MR, 0F3H

LXY 0,0

LXY ++I, ++i

STM 0

LXY ++ 1, ++ 1

• 2H
f

; 1H

' OH

A

B

C

82H

81H

80H

F

G

H

; ALU=A*E+B*F+C*G+D*H END OF NEXT CYCLE

FLD PH

++1 z.ILXY ++ i, ++ i
FLD P H IYR 83H MR 0F3H

STA AO

STM ++i ;

FADD PH, A0 XR ? I YR 'I
STA A1 ;

FADD PH,AI

STA A0 ; A0 I D*H+B*FI ZR I
MOV YR, ALU ;
FADD YR,A0 ; A'IC'GI j

OKI 'S DSP FAMILY
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i DIRECT FORM II BIQUAD]

in

[AO]

out

[AO]

W = A'X1 + B'X2 + in
out = C*W + D'X1 + E'X2
XI=W
X2=Xl

OKI 'S DSP FAMILY J
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I DIRECT FORM II BIQUAD ASSEMBLY CODE I

MACRO Xl, X2, A, B, C, D, E

LXY Xl, A ; : A*XI

LXY Xl, D ; : D*XI

LXY X2, B : B'X2

FADD PH,A0 ; : W = A*Xl + in

LXY X2, E : E'X2

FLD PH : out = D*Xl

STA A0 ;

LXY X 1, A

FADD PH,A0 : W = A*Xl + B'X2 + in

STM X2 : X2 = Xl

STA A1 ;

STA A0

MOV YR, ALU

LX C : C*W

FADD PH,AI ; : out = D*Xl + E'X2

STA A1

FLD A0 ;

FADD PH,AI : out = C*W + D*Xl + E*X

MOV Z R, ALU

STM Xl ; : Xl = W

STA A0 ; : A0 = out j

OKI 'S DSP FAMILY
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II

I MATRIX MULTIPICATION I

I I I I

I II

a(l,l)

a(2,1)

a (1,2) .... a (I,N)

a (2,2) .... a (2,N)

a(N, I) a (N,N)

X

b(1)

b(2)

b(N)

c(1)

c(2)

c(N)

MatrixA MatrixB MatrixC

I
I I

' OKI 'S DSP FAMILY J



ALTERNATE

ROW NX

ACCUMULATOR

COLUMN _1 I

METHOD

AO

A1

I AO 1+I A1 I - RESULT

ALTERNATE ROW METHOD

ROW N X COLUMN

ROW (N+I) X COLUMN

_i AO I
v

NO NEED TO ADD ACCUMULATORS

OKI 'S DSP FAMILY J
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IV. SUPPORT]

SOFTWARE LIBRARY

t

I EMU921EMU92L I _'=

TARGET

SYSTEM

L EVA92 J
I__._i

L PC DEVELOPMENT
SYSTEM

OKI 'S
DSP FAMILY J



[EMU92 1

8K-WORDS OF EXTERNAL PROGRAM MEMORY

8K-WORDS OF EXTERNAL DATA MEMORY

(2) 4K-WORD I/O BUFFERS

ICE CAPABILITY

RUNS WITH DBG92 SOFTWARE PC-DOS OR
MS-DOS (2.1 OR HIGHER)

SOFTWARE TRACE CAPABILITY

OKI 'S DSP FAMILY j
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IEMU92LI

2K-WORDS OF EXTERNAL PROGRAM MEMORY

NO EXTERNAL DATA MEMORY OR I/O BUFFERS

ICE CAPABILITY

RUNS WITH DBG92L SOFTWARE PC-DOS OR
MS-DOS (2.1 OR HIGHER)

SOFTWARE TRACE CAPABILITY

SINGLE BOARD

OKI 'S DSP FAMILY J



I EVA92 1

MSM6992 EVALUATION BOARD

SINGLE PC/XT/AT CARD

16-K WORD DATA MEMORY (8-BIT)

16-K WORD PROGRAM MEMORY

OKI 'S DSP FAMILY j
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I SIM92 1

SIMULATOR FOR THE MSM6992 AND MSM699210

RUNS ON MS-DOS OR PC-DOS 2.1 AND UP

SAME COMMAND SET AS DBG92(L)

DUMP/RESTART FACILITY

SOURCE COMPARISON

BREAKPOINT ON DATA POINTER RANGE VIOLATION

ABLE TO SIMULATE INTERRUPTS

GENERATES CODE EFFICIENCY PARAMETERS,/

OKI 'S DSP FAMILY



I PC-BASED DEVELOPMENT SYSTEM I

CONSISTS OF TWO PC-AT CARDS

12-BIT ADC & 16-BIT DAC

PROGRAMMABLE SAMPLE RATE

ADJUSTABLE ANTI-ALIASING FILTER

WAVEFORM CAPTURE AND ANALYSIS

SPECTRAL ANALYSIS SOFTWARE

GRAPHICS CAPABILITY ( NEEDS EGA BOARD)

OKI 'S DSP FAMILY j
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SIMTInL DOIMIN

¢

OKI 'S DSP FAMILY



I INTERMEDIATE LANGUAGE ASSEMBLER

HELPS EASE PROGRAMMING BY MAKING PIPELINE
INVISIBLE TO PROGRAMMER

PRODUCES MORE EFFICIENT CODE THAN A
HIGH-LEVEL LANGUAGE ASSEMBLER

PERFROMS INSTRUCTION REORDERING IN ORDER
TO PREVENT PIPELINE INTERLOCKS

EXAMPLE:

LXY A,B ;
NOP; > MADD A,B,A0,A0 ;
FADD PH,A0;

STA A0 ; j
OKI 'S DSP FAMILY
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I I ii II I

I PLACEMENT OF INTERMEDIATE LANGUAGE I

compll

Intennedlate._.j_ Jl_
Assembler

Detection of Local Loop

I Data F_ow ana_ysi_ I

I Instruction Reordering I

Microcode Compaction [

OKI 'S DSP FAMILY J



] INTERMEDIATE INSTRUCTIONS I

Intermediate Language l

io o ' ii li
fixed tixed

floating floating
logical

: 128 TAP FIR FILTER

i VSFTVMAD
COEFF,128;
DATA,COEFF,OUT,128;

OKI 'S DSP FAMILY j
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JSOFTWARE LIBRARY J

FIR FILTERING RADIX 2 FFT 8--> 8K PTS

IIR FILTERING SQUARE ROOT

MATRIX ARITHMETIC SIN, COS, AND TANGENT

HAMMING WINDOWING ADAPTIVE FILTERING

DIVISION AUTOCORRELATION

OKI 'S
DSP FAMILY J



I DEVELOPMENT SUPPORT CONFIGURATION I
"C-LIKE" LANGUAGE

INTERMEDIATE INTERMEDIATESOURCE ASSEMBLER

coMC:E  __

MSM6992/210
SOFTWARE LIBRARY

MSM6992/210

ASSEMBLY SOURCE

MSM6992/210
EXECUTABLE OBJECT

IDBGg21t _t

SIM92
EMU92

EMU92L

OKI 'S

PCDEV PCEVA92

DSP FAMILY j
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VI. EXAMPLE APPLICATION:
SPEECH RECOGNITION BOARD

OKI 'S DSP FAMILY J



I SPEECH RECOGNITION BOARD I

I LPF

8 BIT

ADC

INTERNAL
BUS

RAM

_c

MSM6992

DSP

GATE
ARRAY

I/0 PORT j
OKI 'S DSP FAMILY
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II

I
i

I

I

I

p +

i

I

k
v

__ll-

0 0 0 0

uln uulnulnuu n

000 0 0 0

U

0 0 0000 0 0 0

22
lb..

V

III I

OKI 'S DSP FAMILY J



[ SPEC" RAL PEAKS VERSUS TIME I

CHANNEL

I

!
I •
I
I

k
v

TIME

I OKI 'S DSP FAMILY j
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I PERFORMANCE I

95% RECOGNITION RATE
IN A 10 dB SNR ENVIRONMENT

OKI 'S DSP FAMILY J





I I I l ! I I I I I I I I I I

ZORAN
I I

u
f

DSP ASSOCIATES

DIGITAL SIGNAL PROCESSING

l SEMINAR

"11

n-i

-'-t

"11
i"-

nl





I I I I I I I I I I I I I i I I I i

ZORAN
I I I I I II II I J I

DSP ASSOCIATES SEMINAR OUTLINE

C3

• Digital Filter Processors
;x

r"

rn

- Products
- Architecture

- Applications

• Vector Signal Processors
- ZR34161
- ZR34325

• Image Compression Processors
- What is Image Compression?
- ZR36010 ICP

-Image Compression Examples

II I I I II II I I I III I I II IIII _ I I



ZORAN
I I I I II

CHARTER

To design, manufacture and market proprietary,

monolithic, systems processors and support systems

for the high-performance digital signal processing (DSP)

market.

I II
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ZORAN

SYSTEM PROCESSORS APPROACH

Application-driven, top-down design

Optimized architecture (throughput, vector processing, block floating
point, DMA ...)

Embedded algorithms (FFT, FIR ...)

High level instructions (FFT, Power Spectrum, Demodulation ...)

• System level tools



ZORAN
I III I II I III

Matrix

Trarmtor
L

122
Vector

I1_

o Fir
Ilm

O3

O)

,'- Mac
m

| ii

- ZoranV P1

GPDSP Zoran DFP

_ - II I III I I II I

i .ui, in .,oc s I
• i li ilil

III •

Digital
Control

I

10s 10e 107 10a

Guidance Speech Speech Salelite
Synthesis Vocoding Modems

Oporations/Sec

101 10m

Imaging Radar,
Speech Sonar

Recognilion

II II I

i i t I J I I f I ( I I I I { I ( I
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ZORAN
III I II

P_ICIEIUCTPORTFOLIO--31)/87
SMPP 1-4C

II

I

DSPSYSTEMS
PROCESSORS

ZEHt61 J ZR34325

SOFrWARE
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CURRENT PRODUCTS

Digital Filter Processors (DFP)

ZR34161 Vector Signal Processor (VSP)

I I _ I I I l [ I I I I I I I I I I
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ZORAN
Ul I I I II

DFP FUNCTIONAL APPLICATIONS

1-D Filters Image Processing

• 2-D FIR Filters • Digital Video

• Correlation/Convolution • Radar/Sonar

• Adaptive Filters



ZORAN

DFP FAMILY FEATURES

Complete FIR filter system in single IC

Paralles, linear array processor architecture

4 or 8 filter cells per device

8 x 8 or 9 x 9 multiplier with 26-bit accumulation in each cell

Each cell performs 30M mult and 30M add/sec

Cascadable for longer filters

Expandable coefficient and data word size

I t I t -I -t 1 1 1 1 1 1 1 1 -I 1 1 I
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ZORAN
I II I

DIGITIAL FILTER PROCESSOR (DFP)
FUNCTIONAL BLOCK DIAGRAM

DATA

COEF

RESULT



Z

0
N

W W 1.1,1I"_nt
Ioo_oo

i

I__ ÷÷÷ ÷
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i
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ZORAN
• I

SAMPLE
DATA IN

(XN)

SYSTEM
RESET

RESET 7

2-BIT
COUNTER

Y! YO

A1 AO

26. SUM
OUT
(YN)

ZR33481-20
' CLK

DFP

I
I
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THE DFP FAMILY

Processor Filter Cells Wor_dLength Sample Rates Packages

ZR33481-XX 4 8 bits 15 MHz

20 MHz
68 LCC,
68 PLCC

ZR33881-XX 8 8 bits 15, 20 MHz 68 LCC

ZR33891-XX 8 9 bits 15 MHz

20 MHz

25, 30 MHz

68 LCC,

84 PGA,
84 PLCC

I I I I I I I I I I - I - I I - I I I I I
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ZORAN
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DFP CUSTOMER BENEFITS
MODULARITY AND FLEXIBILITY

Need higher filter order, more taps?
Cascade DFPs.

Need high sample rate?

Use DFPs in parallel.

Need more word length (16 x 16 bit)?

Use multiple DFPs.

Need decimation or interpolation?
DFP contains efficient mechanisms.

Need 2-D filters?

DFP implements efficiently.

II I I I I J J I II II
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DFP BASICS

Decimation & Interpolation

Extended Filter Lengths

Extended Sample Rates

, , i _ I I I J J _1 -I -1 -I I I -I _ [ I
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REFERENCE:

DECIMATION & INTERPOLATION APPLICATIONS
SAMPLE RATE CONVERSION

DIGITAL AUDIO:
- CD (44.1 KHz) c_DAT (48 KHz/32 KHz)

DIGITAL VIDEO:
- Composite (14.3 MHz) ,cComponent (13.5 MHz)

COMMUNICATIONS:
- TDM/FDM Transmux
- Subband Speech Coding
- Digital Radio & Satellite Modems

ZOOM SPECTRUM ANALYSIS

RADAR

MuItlrate DIgRal Signal Processing, Ronald Crochlere, Lawrence Rablner, Prentice Hall 1983
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DIGITIAL FILTER PROCESSOR (DFP)
FUNCTIONAL BLOCK DIAGRAM

DATA

COEF

RESULT

I I I ,' I i I I I I Ii I t I I I I I I
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ZORAN
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DECIMATION

SAMPLeI6 PATE
COMPR1ESSOR

-, .t._ _1.,n, I -(n) J I l y(__m_

F F F • IrlM

(bl

e I
........ I

0 w 2w W

O0 w/M Tr 2 w lip

,W(."), _ !'"'""

. !
0 Ir/M

I "'""" ",' "°"°"', ( °''''''', ; ""'"
p I i! If i, If

IYleh')l I II II ii ,:
I I/ I,T el I,

I I , I , " , i ,
0 w 2w 4w 6w Ow w'



ZORAN
I I m

DECIMATION-BY-TWO FIR SEQUENCE
20 MHz TO 10 MHz

CLK CELLO CELL1 CELL2 CELL3 SUMICLR

o c_-xo o
1 +C,s*X1 0
2 ,+CseX2 C-,,7"X2
3 +c,-x_ ÷c6-x3
t4 -I-C3 * X4 +Cs* X4
s +c_-xs +c4-_
6 +C_*Xe +c3-x6
7 +co-x7 +c2-x7
8 c,,z-x8 +Cs-Xe
'9 +c6.x. +co-x.
10 +Cs" Xlo

'11 +C4" X1,,,
12
13
14
15

_._
+_-_
+_-_
+_'X7
+_'_
+_'_

C7"X6
+C6"X7
+Cs'X.
+C4"X.

m

i

CELLO(W}
CELLO(Y'/)
CELL1 Of9)

C7 • Xl 0 4. C 1 • Xl 0 4. C 3 * Xlo CELLI(Yg)

•t-C6*Xll .I.CoeX11 4-C2eXll CELL2(Y11)
+C-_*X12 +C-,s*X12 C7"X12 +C1*X+2CELL2(Y11)
;÷C2" Xl3 ÷C4 • X13 +C-,s" X+3 +Co • X+3 CELL3 (Y13)
+C1 * X+4 +C3" X+4 +Cs * X+4 C-,7* XI4 CELI.3(Y13)
+Co* XIs +C2" XlS +C4" Xt5 +Cs* X1s CELLO(Y15)

+ I + ,' I + I t I i I I I I I _ I .... 1_+_ I
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ZORAN
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3 X 3 CONVOLUTION

PIXEL X14

I

I. . •Xos

' 0I _ x,sI"
I
J • o OX21)
L J

COLS

Coz _'_ coo
• x_ •xo3 •xo=

C!| Q Cm• X54 • X_2

C)_ C_1 C_o
• X_4 • X_$ • x_

COL4 COL3 COL2 COL1 COLt

KERNEL SHIFT

CELLO

CELL1

CELL

I I I U I I IN I II II II I I
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6.67 MHz 3 X 3 CONVOLUTION SEQUENCE

SUM
CELL l CELL1 CELL2 OUT

Coo Xoo

+Clo Xto

+C2o X2o

+Co 1 Xo 1

+C11 Xl 1

+C21 X21

+C02 X02

+C12 X12

+C22 X22

Coo X03

+Clo X13

+C20 X23

+C01 XO4

+C11 X14

+C21 X24

+Co2 Xos

+C12 X15

+C22 X2s

Coo

+Cl o

+C2o

+Col

+C11

+C21

+Co2

+C12

+C22

Coo

+C1 o

+C2o

+Col

+C1 I

+C21

+Co2

+Cl 2

+C22

X01

X11

X21

Xo2 Coo Xo2

X12 +C10 Xt2

X22 +C20 X22

Xo3 +Co_ Xo3

X13 +C11 X13

X23 +C21 X23

X04 +C02 X04

X14 +C12 X14

X24 +C22 X24

Xos Co0 Xos

Xls +CI0 XIS

X2s +C20 X25

Xo6 +Co_ Xo6

X16 +C11 X16

X26 +C21 X26

+Co2 Xo_

+C12 Xl_

+C22 X27

CELL Q

CELL1

CELL2

CELLO

CELL1

CELL2
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6.67 MHz 3 X 3 CONVOLUTION BLOCK DIAGRAM

20MHz
CLOCK _-

2-D IMAGE DATA 0
IRASTER SCAN

NON.INTERLACED|
667 MHz "Xll. Xlo

COEFFICIENT DATA

IMAGE 12-OI DATA 13-,3 KERNIEL|

Xo3 xe:e xe_ Xoo co2 col coo

XI$ XI_ XII XtO C1_ C11 Clo

000 • • • • • • •

X25 X_t2 X_t X?o CZZ C2! C_

• • • • • • •

q

AO A3

D7

COEFF
ROM/RAM

Bj c

m

_5V

DII_NB ADR! AD.0 VCC SHADD S-ENB-H _NB[

DIN/) 7 $_. _x_

TCS

ctK ZR33481-20 Tcco

TCCI

• C INO- 7 COUTO 1

___ I' I Y Y'l T

CONVOLVED

2 O DATA OUT
6 67 MHl

-----_ N C.

III I II I I I I I I I
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5 MHz 7X7 CONVOLUTION BLOCK DIAGRAM

Zfl_! ?0
OfP A

E

.It.>
m

, I _ s c J | I I I t I I I I
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ZORAN

DFP BASICS

Decimation & Interpolation

Extended Filter Lengths

Extended Sample Rates
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(xN)

20 MII4z

II III II I

ZR33481 DFP 20MHz 8-TAP, 8 X 8 FIR
I

A_IADRO

YO

3-Bff YI
CTR

Y2

ZR33481-20
clx DFP0 ctx

OxOCOEFF

¢CO ca

AI D0.O?

A2 CINO-7 COUTO-7 CINO-7

ZR33481-20
DFP1

SYSTEM
RESET SUM

our

(YN)

Ill I
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III I I

UsingDecimat_on-by-IwotoProcess
aIOMHzSignalwitha20MHzDFP

CoefIn

MUX og_ ZR33891-_

x,,_x,,.__,x,,_,> o+
Oedmate.-by-two
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Z

0
N

W

I

13)

• 0
lu

-o E
=m

"0 0
0

w a

X O)

0

u_

I

1414 *
UU *

)-1 "qP

U

,-i o
I,I
u

eq

,-1
,-% U

U

f-I

u
hi
U

0

14 o
U L)

u_ I _ I P I _ I 0") I
I r¢ I _ I _ I H I

_* I _ I _* I _ I _ I

I I t • • i • $ t • • • I • • • t I I • • I • • t

Q @ • • • • • • • • • • • • • • • @ @ • • • t @ •

• • • • @ @ • • • • • @ • @ • • • • @ • • @ @ • @

X X X X X X X X X X X X X X ;N;

I I I I I I I I
I I I I I I I I 0 w-t _ I_ 'q'

0 O0 r'l 0"_ C_I r'l i'_ _ _e r'_ U_ I='I i.O I"I
I I I I I I I I U O L.) (J (J L) IL} L) O U U O O O

r( _ _ _ H _0 rt P H OO H _ _ _[__ H r_ H

;_ X X X X X X _ X X X X X X -. X X
I I I I I I
I I I I I I o _ _ _

I I I I 1 I U U CJ U L,) (J L,) L,) (J O U U O O U O U

0 r_ _ _ _I' IK) _ _ 0 GO ¢-I O_

rl {_ d V *'-4 I./') rl _ d P H CO rl _ !_O_ d r( rt d rt

I I I I
I I I I o H _q _

I I I I L} L} L_ U L_ _ L} L} L_ O (.J l) U (,J ILl U U U U lrj

r"l O_ ('_ r"l e") r'_ _ r'l _ rl kO rl P" r( O0

I I

o _o rt O_ _ _ (v') _ ,_ r_ _ _ _ r_
I I O O (J L) (J L,) IJ L.) (J L) O (J L) L)

X X I_i X X _ ;,4

0

o (_ _ ¢_ ¢'_ r¢ 0%

U U U O U U U

U U IJ IJ O L) (J U (J (J U O U U {J

r-_ 0

_0 P. 0 (_ _ o_ ('_

O O o O U U u U
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DFP BASICS

Decimation & Interpolation

Extended Filter Lengths

Extended Sample Rates
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40 MHZ, 16-TAP FILTER WITH FOUR ZR33891 DFPs

EVEN

DATA
EVEN

COEF_

ODD ....I _

DATA | _ ......

[__ DFP
ODD -- #3
COEFS

,J,,

r

X
40MHz
OUTPUT

, --f -, -t -i -I -! -! I ( -I I I
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40MHz3x3 CONVOLUTION
40MHz3X3

40MHz

RFO 1 481-20
DFPB2

481-20
DFPB1

FIFO5 481-20
DFPB0

RIO 2 481-LR
DFPA2

481-20

DFPA1

481-20
FIFO6 DFPA0

FIFO3

RF04

M
U
X

--_ 40MHz
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DIGITAL FILTER PROCESSOR SUMMARY GUIDE

¢ =11t_&LDF_CEZ.UI
IM=,ItDF'I_ ¢,IUIC4_E_ NO_.Z
V = e I_q_ r..adlc44)EDVlElllr

• • _AIPIOM FA_IOA
I • IMI"E:RI=OI.A'ItONFACTOR
T e TOIAL e D_P.I_ TAPII

BAS_ CONRGURATION

Fs----_ DFP I--_Fs ,,TAPS.,MAX Fs • 20 MHz _

Fs _ Fs

|1

¢9I(TII1)L
• i

FS I" Fs

Fs

BASIC CASCADE
MAX TAPS • 8" H
MAX Fs • 20 MHz (27 MHz)

BASIC DECIMATION
MAX TAPS • 8 ' D " H
MAX FSe 20 MHz (27 MHZ)

BASIC INTERPOLATION
MAX TAPS • 6 " I ' H
MAX FII(IN) • 20 MHz
MAX FIKOU'T) • I" FS • 40 MHz

I_ _-D REDUCED SAMPLE RATE

I+I MAX TAPS • 6 " D " H
i FwJD MAX FS • 20/D MIIz

(D • 3) OR2-D BASIC CONFIGURATION
MAX HORZ TAPS =8 ' H
MAX VERT TAPS =4" V
MAX FS • 20/D Mldz

BASIC HIGHER SAMPLE RATE

FB_ j DFPI • (1=1/20MHz)=" H
il TAPS • II" (FS/20) * H

FB _ U GENERAL CONFIGURATION
MAX FIKOUT) • _,_ • FS
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"' ,_ I'DIGITALFILTERDESIGNPRO(EDURE

I FILTER SPECIFICATION I

{ COEFFICIENT SELECTION I

J,
QUANTiZE COEFFICIENT I

, , ,L
COMPUTE & PLOT FILTER RESPONSE I

GENERATE INPUT SIGNAL

COEFFICIENTS TO HARDWARE

VERIFY H_ARDWARE

N

1

- I I

(_ I - ZORAN
, , PROVIDES

- TOOLS
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DFPDESIGNTOOLS
DFPDESTOOLS

I

1 2Kx8
SIGNAL

P MEMORY
c

I

T 2Kx8
E COEFFICIENT
R RAM/PROM

F
A
C
E

DFP#1

4

n

• !NPUT
PORT

DFP#2 DFP#3 DFP#4

DIGITALFILTERPROCESSORBOARD(DFPB)
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ZORAN

CURRENT PRODUCTS

Digital Filter Processors (DFP)

ZR34161 Vector Signal Processor (VSP)
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DSPSYSTEM-FUNCTIONALPARTITIONING
SMI/SFPI-1-A

II

DECISION-MAKING POWERFULDSP
ANDCONTROL ARITHMETIC

CONTROLLER ZORANVECTORSIGNAL
PROCESSOR

Q

,i

Q

GENERALPURPOSE

DIGITALSIGNALPROCESSOR

#

B

PERFORMANCE
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ZR34161 VSP FUNCTIONAL APPLICATIONS

1-D and 2-D FFT Filtering

1-D and 2-D Sine/

Cosine Transforms

1-D and 2-D Auto/Cross

Correlation,

1-D and 2-D Convolution

Windowing

Modulation/Demodulation

• Spectrum Analysis
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ZR34161 VSP PERFORMANCE
(25 MHZ, 80 NSEC CYCLE)

1024-point integer complex FFT

1024-point block-floating complex FFT

128-point block-floating complex FFT

8 x 8-point 2-D complex FFT
16 x 16-point 2-D FCT

128-point x 128-point complex vector multiply
128-point magnitude square/accumulate

128-point complex demodulation

4 x 4 matrix multiplication

LD/ST 128 complex data samples

2.1 ms

2.6 ms

190 ps

131 rm

764 ps

42rm

23 rm

42 l_S

21 l_s

21 l_s

I I I I II I
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VSP-ALOOSELYCOUPLEDPERIPHERALPROCESSOR

Controller

Address Data Conb'ol_

J

r

k

, VSP _

k,

BusArbitration
andInterrupt

BusInterfaceUnit(BIU)

ScaleRAM

Registers

VectorRAM

Coeff.LUT

ExecutionUnit(EU)

ROM RAM
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ADDRESS'lBUSESDATA

BUS
CONTROLi

SEMI-IO.A

VSPLOGICALPINOUT
48-PINDIP

+5

VCC VSS

A0-A15

DO-D15

_-_

s_

DTC

INT

ZR34161

CLK

ICLK

,Jl
"ql

f DMACONTROL

INTR
v REQUEST

RESET
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DATA

BUFFER

ADDR ADDRESS

a1_ GEN

INSTR
FETCH

I

VSP_RCHITECTURE

I

93 RAM(Re_m)
• Se_ion 0

93
• Se=ion 1
0

1023

! coeff.LUT(Re/Im)
0

SCALE

1

MODE

STATUS I

SM1-51-A

:$
EXECUTION

UNF

MULTIPLY

2 ADDERS/

SUBTRACTORS

REAL IMAG

_,CCUM a,CCUM
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SIGNIFICANT ARCHITECTURE FEATURES

• High-level "VECTOR" instruction set

• Embedded block floating-point arithmetic for FFT

• Ability to parallel multiple devices

' ' ' ' ' , , , I ! I t I I I I ( I I
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11 INTERNAL ALU INSTRUCTIONS

FFT

MGSQ

DEMO

MODLT

CMLT

CMCN

ACCR

ACCl

ABS

SCL

SCLT

(FAST FOURIER TRANSFORM)

(MAGNITUDE SQUARF.JACCUMULATE)
(DEMODULATE)

(MODULATE)

(CROSS MULTIPLY/ACCUMULATE)

(COMPLEX CONJUGATE)

(ACCUMULATE REAL)

(ACCUMULATE IMAGINARY)

(ABSOLUTE VALUE)

(SCALE)

(SCALE LITERAL)
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FFT PRIMITIVE
POWER SPECTRUM PROGRAM

LD NMPT:128, RS:0, MDF:2, ZR:I, MBA:0

FFT NMPT:128, RS:0, FPS:64, LPS:I

MGSQ NMPT:128, RS:0, ADF:2

ST NMPT:128, RS:0, RV:I, MDF:2, MBA:256

_ _ , f I J r J I ! I I I -I I (
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FFT PRIMITIME
POWER SPECTRUM PROGRAM

EXECUTION TIME

Instr.

Fetch

Number Clocks

Instr. Fetch

Number Clocks

D_ataFetch

Execution

Time (Clocks)

LD

FFT

MGSQ

ST

6 134 134

6 1850

2 262

6 134 134

Total 2O 268 2380

I I I J I I I I Jl I Ill I I I



ZORAN SMI-FFT-1A
I

FFTBUTTERFLY

a2+Jb2

Wnk=cos(2=k)-j sin(2=

+

k AI+jB'

k A2+jB2

I III

,_ =_ r-- f......I---- I........I .... I.... I l
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VSPEU

SM1-21-A

RealData

llmaginaryD=a| _----J/./.../////z//.../.._../../....../f._..J/z//_"_,'//7////_/_//////////////_,

'____copl' "'
q' _ i bI-- t-

_ 4; J
_ Multiplier

.,u r l
_iux*l

Adder
i

,RIJ
I !

I 1,

MUX

i I I I
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EXAMPLE OF VSP ARITHMETIC EFFICIENCY
128-PT COMPLEX FFT

THEORETICAL BEST PERFORMANCE: 1792 CLOCKS

NUMBER OF:

BUTTERFLIES

PASSES

REAL MULTIPLIES PER BU'I'rERFLY

- 64mm

- 7m

- 4m

ACTUAL VSP PERFORMANCE: 1850 CLOCKS

ARITHMETIC EFFICIENCY: 97%

I
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PARALLELVSPARCHITECTURE
GENMULTA

LATCH/BUFFER

PROGRAM
MEMORY

BUSCONTROUARBITER

MEMC

VSP

#1

VSP
000

VSP

#N
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I I

SNR(dB)

BLOCKFLOATINGPOINTVS.FIXEDINTEGER
ARITHMETICPERFORMANCE

" * o . m

5 * _ Q ° Q " ! .

70 ........................................... BF'P.

65

6O

55

5O

45

40
1264 128 256 512 1024 2048 4096 8192 16384

FFTSlZE
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ZORAN

' vsP'" DEVELOPMENTTOOLs
SEM1-7-A

III

........................ .... . ..... . . .......... . .... . . . . . . .
e

e

i

VSPSimulator ) .
i

e

i

e

i

e

e

i

o

e

e

e

i

I

i

............ .... ............ ....... ..... ....... . .... .....

DESIRED

APPLICATION

RESULTING
HARDWARE

I I I |I I III I
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VSP BASICS

Larger FFTs

Time-Domain Convolution

Fast Convolution

Hardware Interface

Multi-VSP Configuration

, , I I I ! I
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LARGER FFTS

Factored Into smaller FFTs:

- 64 or 128 points

Up to 1K complex points using intemal CLUT

2K- 16K complex points using both intemal CLUT
and extemal coefficients
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VSP-325 FUNCTIONAL APPLICATIONS

ARCHITECTURE AND INSTRUCTIONS ARE OPTIMIZED TO SOLVE

GENERAL DSP PROBLEMS=

1-D and 2-D Fast Fourier Transforms

Discrete Fourier Transforms

FIR/IIR filters

Matrix Operations

ThresholdinglComparisons
Min/Max Detection

Polynomial Expansion
Modulation/Demodulation

(FFT)

(DFT)

(FIR/IIR)

(MTX)

(THR/CMP)

(MIN/MAX)

(POLY)

(MODLT/DEMO)

I I

, I I I I I I I I I I l I I
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VSP-325 FEATURES

ARCHITECTURE IS OPTIMIZED FOR:

• Full IEEE (754-1985) 32-bit floating-point arithmetic

Parallel Processors on a single bus:

--- Multi-processor communication

-- Semaphore handling

• 1-D and 2-D processing

• Dual-ported intemal memory

16M word external memory address space
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VSP-325 FEATURES

ARCHITECTURE IS OPTIMIZED FOR:

• Flexible addressing modes: Direct, Indirect, Indexed

• Hardware subroutines

• Conditional operations

• Program looping

• Vectorized interrupt and trap

• Start-up initialization

, r f i I a I = ! ! I I I I I I I I
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VSP-325 PERFORMANCE (INCLUDING I/O)
(25 MHz Clock/80ns cycle)

64-point complex FFT

128-point real FFT

1024-point complex FFT:

- single VSP-325
- two VSP-325s

IIR filter (per biquad section)

32-tap FIR of 128 real points

Two dimensional 3 x 3 convolution (per output)

4 x 4 real matrices multiplication

10 x 10 real matrices multiplication

Log (LN)/per element (POLY)

Division/per element (LUT)

Square root/per element (LUT)

83.0ps
117.0 11S

1731.0 pS

886.0 pS

0.4 pS

382.0 pS

1.12 pS

8.0 _S

132.0 pS

1.52 IIS

0.9 pS

0.6 I_S

II I I I I I II I I
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VSP-325,SYSTEMCONFIGURATION
SYSCONFIG

VSP-325

I "nONUNrr(EU}I

l' eOlC°'lO i"e °rlU,,,On,,=i(CU) (MU) _) Reg,sters

J BUS-INTERFACEUNIT(BIU)
/'% /,%

24_,Address 3_'Data

I
Control

SystemBus

I
Memoly

I
o=, IMemoq'I

>

' " ' ' : f , , i ! _ IL _ I _ I I I I [ I I
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VSP-325 KEY ARITHEMTIC INSTRUCTIONS

MTX (MATRIX MULTIPLY)

- External matrix up to 1024 x 64

- Internal matrix up to 64 elements

POLY (POLYNOMIAL EXPANSION)

- Up to 1024 coefficients

- Up to 32 points per instruction

- Trigonometric and transcendental approximations

- Interpolation

P(X) = AIX1 + A2X2 +... + ANXN ; N < 1024



ZORAN 2VSPVSTMS320
I II III

TWOVSPSYSTEMWITHTMS32020HOST

BUS
ARBITER

PCINTERFACE

PC/AT
I/0SPACE

PC/AT
MEMORY
SPACE

MODE
REGISTER

STATUS
REGISTER

32O20

VSP#1

VSP#2

32x16
MEMORY

=m i

I I ( I I I I I ! I I I I I I I I I I
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QUADVSPSYSTEM

4VSPs

MEMORY
CONTROL

INITIALIZATION

BUSARBITRATION

A DATAMEMORY

B DATAMEMORY

PROGRAMMEMORY

I
I

J
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' ZOI_AN' ' ' ' ' ' ' 'FOUR VSP/VME SYSTEM
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SPECTRUM ANALYSIS

f 't f J t ( _ I I ( ( I ( I ( I I I I
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325MAGEX

MAG(MAGNITUDE)EXAMPLE

i
#

el "

Y

i

o

ii

i

o

o

R2--A -22.5o=A =Abs(R2)

R_ A3-11.25o=AZ Abs(R3)

X

• PerformsaniterativevectorrotationofpointP
towardsthe+xaxis

• MaximumError:
- 3 iterations<1.9%
- 5 iterations<0.12%
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MAGNITUDE CODE

LDSM

LD

ABS

MODLT

ABS

MODLT

ABS

MODLT

ST

NMPT:I, MBA:OneRAMSec;

/* Get data into VSP RAM & reflect Into 1st quadrant *1

NMPT:VEC_LEN, RS:0, MBA:W;

NMPT:VEC_LEN, ADF:3, RS:0;

P Rotate by 45 deg. Note: 3150 = 10"(360-45) *1

P Note: Sh:l (divide by 2) to prevent overflow *1

NMPT:VEC_LEN, ADF:3, RS:0, RIA:0, SH:I, RBA:3150;

NMPT:VEC_LEN, ADF:3, RS:0;

P Rotate by 22.5 deg. pp*l

NMPTiVEC_LEN, ADF:3, RS:0, RIA:0, SH:0, RBA:3375;

NMPT:VEC_LEN, ADF:3, RS:0;

P Rotate by 11.25 deg. *1

NMPT:VEC_LEN, ADF:3, RS:0, RIA:0, SH:0, RBA:3488;

NMPT:VEC_LEN, MDF:2, RS:0, MBA:REALBUF;
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SPECTRALANALYSISUSINGTHEVSP

t I

SPECAN1
I

INPUT
BUFFER#1

/

,-__,lAoc ,, ,,:
/

INPUT
BUFFER12

HAMMING
WINDOW

FIT

OUTPUT _'-I "

BUFFER#II l_j DAC

I I
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WINDOWINGPRIMITIVE
SEM1ANINDI-1

64K

EXTERNALMEMORY

127

VSPMEMORY

Re Im

2175

2048

1151

1024

Data

0

LDNMPT:128,RS:O,MDF:2,MBA:O

MLTRNMPT:128,RS:O,ADF2,MBA:1024

STNMPT:128,RS:O,MDF2,MBA2048
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ZORAN

NEW PRODUCTS

ZR34325 Vector Signal Processor (VSP)

ZR36010 !mage Compression Processor (ICP)
(see Imag=ng section)
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VSP-325 SYSTEM APPLICATIONS

Laboratory/Scientific Instruments

Spectral Analysis

Medical Imaging

Radar/Sonar Processing

Image Processing

Array/Matrix Processing

Graphics Processing

Communications Systems

Industrial Inspection
IC/Board Testers

I I II

I I I l { { i ! I I 1 I I | ,[ I 1 ] (
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MATRIX MULTIPLY

[C] = [A]X[B]

LDR
LD
MTX

SC:I, SAR:MATRIX_OUT;
NMPT:64, EMA:b_mtx;

NMPT:64, ROW:8, REPEAT:1024, EMA:a_mtx;

EXAMPLE WTrH:

[A]=1024 rows by 8 columns

[B]=8 rows by 8 columns

[C]=1024 rows by 8 columns
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64-POINT WINDOWED POWER SPECTRUM
WITH PEAK DETECTION

LDR SAR:peak_out

LD NMPT:64, IDF:2, ZF:I, RV:I, EMA:in_addr

MULT NMPT:64, EMA:wind_addr;

FFT NMBT:64, FPS:32, LPS:I, R:I, RBA:0;

MGSQ NMPT:64;

MAX NMPT:64, CO:0, SE:0;

ST NMPT:64, ODF:2, EMA:out_addr;

I f _ l i : i I f ( I I I l I I l I i
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1024-POINT COMPLEX FFT

(1) LDR MR:(XOR=I), LC:31 EMA:Scratch;

r begin first wave of FFT processing °/

(2) LD NMPT:32, RS:I, EMA:0;

(3) FFT NMBT:32, RS:I, FPS:16, LPS:I, RBA:0;

r beginning of loop *1

(4) LD NMPT:32, RS:0, UB:I, EMA:2;

(5) FFT NMBT:32, RS:0, FPS:16, LPS:I, RBA:0;

(6) ST NMPT:32, RS:I, UB:I, EMA:0;

(7) LOOP LENGTH:3;

r end of loop °/

(8) ST NMPT:32, RS:I, EMA:2;

r end of first wave of FFT processing */

(9) LDR MR:(XOR=I), LC:31 EMA:Scratch;

r begin second wave of FFT processing */

(10) LD NMPT:32, RS:I, EMA:0;

(11) FFT NMBT:32, RS:I, FPS:16, LPS:I, RBA:0;

r beginning of loop */

(12) LD NMPT:32, RS:0, UB:I, EMA:2;

(13) FFT NMBT:32, RS:0, FPS:16, LPS:I, UR:I, RBA:(pV32);

(14) ST NMPT:32, RS:I, UB:I, EMA:0;

(15) LOOP LENGTH:3;

r end of loop */

(16) ST NMPT:32, RS:I, EMA:2;

r end of second wave of FFT processing °/
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PARALLELVSP-325SYSTEMCONFIGURATION

VSP-325#1 VSP-325#2

f%

Data Address
i

ControlI

--.!. g--

Arbiter
(FCFS)

< >

Memory

J _ i + t < +_ I I ( ( l I | I ! I, I
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WHY IMAGE COMPRESSION?

• Reduce Data Storage

- one color image (512 x 512 x 8 x 3) = 787 kilobytes

- compressed 10 to I = 78.7 kilobytes

• Reduce Transmission Bandwidth

- one color image (512 x 512 x 8 x 3) transmitted over a

64K bps channel takes 98 seconds

- compressed 10 to 1, transmission takes 9.8 seconds
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IMAGE COMPRESSION APPLICATIONS

Electronic Publishing (Encyclopedias ...)

Parts/Maintenance Catalogs

Still-Frame Video Teleconferencing

• Electronic Cameras

• Medical (X-Rays, CT scanners)

• Military Satellite Reconnaissance

f ! _ f l I I I t I f ! I i ! I ! |
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256-POINT FFT

DEFAULT FIS.'0, INTRP.'0, El.0, MDF:3, ZR.'0, ZP:0;

DEFAULT FSIZ:128, AS:l, I:0, R.'0;

LDSM NMPT:I, UP.0, MD:I, MBA:16383,
LD NMPT:128, MBS:I, MSS:2, RV.'0 MBA:IN;
FFT NMBT:128, FPS:64 LPS:I, RBA.'0;
ST NMPT:128, MBS:I, MSS:2, RV.'0, MBA:IN;
LO NMPT:128, MBS:I, MSS:2, RV.'0, MBA:IN÷2;
FFT NMBT:128, FPS:64, LPS:I, RBA.'0;
ST NMPT:128, MBS:I, MSS:2, RV.'0, MBA:IN÷2;
LD NMPT:128, MBS:128, MSS:128, RV:0, MBA:IN;
FFT NMBT:128, FPS:I, LPS:I, RBA:0;
ST NMPT:128, MBS:I, MSS:2, RV:I, MBA:OUT;
LO NMPT:128, MBS:128, MSS:128, RV:0, MBA:IN+258;
FFT NMBT:128, FPS:I, LPS:I RBA:14;
ST NMPT:128, MBS:I, MSS:2, RV:I, MBA:OUT+2;

PROGRAM PERFORMANCE
NUMBER OF NUMBER CLOCKS EXECUTION

INSTRUCTIONS INSTRUCTION FETCH TIME (CLOCKS)_

13 78 6535

[ I _, I _ i I _ I ( I I I I I I 1 i (
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VSP-325 DEVELOPMENT TOOLS

• SOFTWARE SIMULATOR

- Signal processing library/HL language:

FFTs, FIR, IIR Filters, Matrix Operations, etc.

- Allows algorithm development/evaluation

- Signal generation and plotting
- Parser/assembler

• HARDWARE DEVELOPMENT BOARD

. IN-CIRCUIT EMULATION CAPACITY
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NEW PRODUCTS

ZR34325 Vector Signal Processor (VSP)

ZR36010 Image Compression Processor (ICP)
(see Imaging section)

t -_ -( I _ -t -| -( 4 4 4 -I -t t 4 4 ( I
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FIR FILTER PERFORMANCE

(METHOD 2)

Number of taps 4 8 16 32 64

ICLKs/pt 17 21 29 45 77

Throughput (kHz) 580 475 345 222 130

13 ICLKs overhead

- Independent of number of taps

Can use slow memory (<145 ns)
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VSP BASICS

Larger FFTs

Time-Domain Convolution

Fast Convolution

Hardware Interface

Multi-VSP Configuration

I I
II I
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VSP BASICS

Larger FFTs

Time-Domain Convolution

Fast Convolution

Hardware Interface

Multi-VSP Configuration
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VSP-161CONVOLUTIONEXAMPLE
(METHOD2)

161 CONV2

64K

outaddr:

flitcoeff:

EXTERNALMEMORY

filtered
data

input
data

0
.... _ .....
el..° .... ..°.o

0

127

N
N-1

RE IM

0 _o)
h(O) h(1)
h(1)

h(N-3) h(N-2)
h(N-2) h(N-1)

0 h(N-1) 0

LD NMPT:N+I,MDF:2,MBA:filt_coeff+l;
LD NMPT:N÷I,MDF:I,MBA:filt_coeff;
for(k=0;k< num._samples;k++)
{MLTRNMPT:N÷I,ADF.'0,MBA:in_addr÷k;
STINMPT:4,STR:I,MBA:out_addr+4k;}
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FFT-BASEDFASTCONVOLUTIONTIMING

I I ( I

SCALEFACTOR

I/ _1_1SCL |ST ST

262-262" 1850 ' 527 I 1850 - 740 7 262 134" 134

•TotalExecutionT',ne<5079ICLKSOR<508us
-Numberofoulputpo_:258-2M

'A_,yl_-2(M-1)
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FAST CONVOLUTION

• Use of DFT _ Circular convolution

To get linear convolution use:
-Overlap & Add

or

- Overlap & Save (Discard)
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FLOWDIAGRAMOFFFTBASEDFASTCONVOLUTION

{x(n):P} NPOINT

FIT

[h(n):M} .I_ NPOINTFFT

PerformOnce
AndStore

IY(k):N}
NPOINT

IFFT

[y(n):N}

N=M+P-1

i ( I I t 1 1 I I I f ( I ! I I I I I
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TRANSFORM THEOREM

CONVOLUTION IN THE TIME DOMAIN IS EQUIVALENT

TO

MULTIPLICATION IN THE FREQUENCY DOMAIN

Y(n) = T. x(n-k) h (k)

k=O

Y(n) = IFFT [X(f)H(f)]
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EXAMPLES OF PROCESSING IN THE

FREQUENCY DOMAIN

Number of Clocks

256-Pts

1-D Filter Time Domain

VSP CLOCKS

Frequency Domain

FREQUENCY DOMAIN

Speed Improvement

64 Taps

128 Taps

16384

32768

10600

14000

1.55

2.34

256 x 256 Image

2-D Filter Spatial Domain Frequency Domain

64 x 64 153M

Kernel

7M 22.0

+ I I ( t I I t I I I ( I l l I I I I
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ZORAN

PARALLEL-VSPBENCHMARKS
1K-PTCOMPLEXBLOCK-FLOATINGFFT

I I

SM 1BENCH 1-A

mSEC

,dlL

2.5--

1.5-

1.0-

I I I
1 2 4

NUMBER
_'OFVS_



ZOFIAN
I I II II I I I I I II I Ii

IMAGE COMPRESSION TECHNIQUES

Binary Images (FAX, half-tone)

- run-length encoding [error-free code]

Monochrome and Color Images

- image fidelity vs. compression ratio

[error-inducing codes]

- methods vary in quality and complexity

- hybrids of several methods typically produce best

quality



I f I I I I I I ! I ! I I I I i I I t

ZORAN
J II I I I II I I II III

FILTER PERFORMANCE SUMMARY

Number of taps 4 8 16 32 64

TIME DOMAIN

ICLKs/pt 17

Throughput (kHz) 580

21 29 45 77

475 345 222 130

FREQUENCY DOMAIN

ICLKs/pt 21

Throughput (kHz) 470

21 23 26 39

470 430 380 250

• Can use slow memory (<145 ns)
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VSP BASICS

Larger FFTs

Time-Domain Convolution

Fast Convolution

Hardware Interface

MuIti-VSP Configuration
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IMAGE COMPRESSION PROCESSOR
ZR36010

• Features

- High-performance 16-bit Integer processor

- 32 complex words of intemal RAM

- FFT butterfly coefficient table for up to 16 x 16 FCT
blocks

- Concurrent I/O and arithmetic operations

- Internal instruction queue
- 16-bit demultiplexed data and address buses

- Multiple processors yield linear throughput increase

- Low-power double-layer metal CMOS (<300roW)

- 48-pin plastic DIP package

II II I

f r i i I I I l I I l I, ( I ( I { (
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COMPRESSION TECHNIQUES
FOR MONOCHROME AND COLOR IMAGES

II

(1) PCM: basic digitization technique { 5 to 8 bits/pixel }

(2) DPCM: code PCM pixel differences, predictive { 1.5 to 3 bits/pixel }

(3) Interpolative: throw away pixels, estimate on reconstruction

{ 1 to 2 bits/pixel }

(4) Transform (zonal): change image basis functions to compact

energy into few coefficients { 0.5 to 2 bits/pixel }

(5) Vector Quantization: build code book based on vector centroids

{ 1 to 3 bits/pixel }

(6) Hybrid Transform-DPCM: code difference of transform coefficients

{ 0.2 to 1.0 bits/pixel }



ZORAN
Ill II II I

TRANSFORM CODING

Advantages

- Highest quality for low bit rates
- Robust to channel errors

- Information compaction (images can be 'browsed')

Disadvantage

- Computation intensive

I I I II
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ZR36010 IMAGE COMPRESSION PROCESSOR
PERFORMANCE

Sub-Block FCT Time

Sub-Block Size

8x8 16x16

200 ps 750 ps

Sinale Frame FCT Time

Frame Size

256 x 256

512 x 512

1024 x 1024

Sub-Block Size

8x8

205 ms

819 ms

3277 ms

!.6 x 16
192 ms

768 ms

3072 ms
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STILL-FRAMEIMAGEDECOMPRESSIONSYSTEM
MMaSs_1 or

agneticStorage

_r

Disk
Controller

Host
Processor

(Coder)

ICP

ZR36010

(FCT)

Display
Frame
Buffer

_t=,.

Monitor

lr

I I

r _r

iL

,r AddressBus

DataBus

Image
Buffer

_r Ir

Program
Memory

\
\

\
II I II IIII
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IMAGE COMPRESSION PROCESSOR
ZR36010

Hardware and Software Tools

• Hardware Evaluation Board

• Full-Speed Algorithm Verification/Development

• Fully-Integrated Debugger
• 16K Words of Data/Program Memory

• • Hardware and Software Breakpolnts

r¢1

:¢

:[
(3
"-I

r-

rfl

Single-Step Mode
IBM.PC/AT Host

ICP Assembler

I
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IMAGE COMPRESSION PROCESSOR
ZR36010

FCT Software Library

Modified-Makhours FCT Algorithm

Improved FFT-based FCT Algorithm

Forward and Inverse FCT Source Programs for:
- 8 x 8 blocks

- 16 x 16 blocks

- 32 x 32* blocks

"32 x 32 FCT programs will only work with YSP (ZR34161)

I I I I I I I i I I I I I I i I I ! I
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VSP-325 KEY ARITHMETIC INSTRUCTIONS

O IIR (INFINITE IMPULSE RESPONSE)
- Each Instruction:

* Cascades up to 16 second order sections

* Allows up to 1024 input samples

FIR (FINITE IMPULSE RESPONSE)
- Each Instruction:

* Uses up to 64 taps

* Allows up to 1024 samples

* Decimates by up to 64
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32ND ORDER IIR FILTER

LDR SC:I, SAR:filt_out

LD NMPT:64, EMA:filt_coeff;

IIR NMPT:64, REPEAT:1024, EMA:filLin;

• Coefficients loaded to internal memory

Filters 1024 input samples beginning at "filLin"

Stores results to "flit out"

1 I I I I I I I I I I I I I I I I I I
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VSP-325 KEY ARITHMETIC INSTRUCTIONS

FFT (FAST FOURIER TRANSORM)
- Up to 64-pt: one instruction

- Up to 1K-pt: internal CLUT (16 lines)
- Up to 1M-pt: direct addressing (33 lines)
- Up to 1K x 1K 2-D: direct addressing
- More than one FFT per instruction when <64 points
-'Pruned' or 'Sparse' FFTs
- Real/Complex FFTs

DFT (DISCRETE FOURIER TRANSFORM)
- Direct form implementation
- Up to 1024-pt in one instruction
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64-PT POWER SPECTRUM

LD NMPT:64, IDF:3, EMA".ln_addr,

FFT NMBT:64, FPS:32, LPS:I, RBA:0;

MGSQ NMPT:64;

ST NMPT:64, ODF:3, RV:I, EMA:ouLaddr;

I I I
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VSP-325 KEY ARITHMETIC INSTRUCTIONS

• FFT

• DR"

• MAG

• IIR

• FIR

• POLY

• MTX

• DEMO

• MULT

• ADD

• SUB

(Fast Fourier Transform)

(Discrete Fourier Transform)

(Magnitude)

(Infinite Impulse-Response Digital Filter)

(Finite Impulse-Response Digital Filter)

(Polynomial Expansion)

(Matrix Multiply)

(Demodulate)

(Vector Multiply)

(Vector Add)

(Vector Subtract)
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VSP-325 KEY INSTRUCTIONS

LD

ST

MAX

THR

INTFP

FPINT

JMP

JMPC

CALL

RET

LOOP

(Vector Load)

(Vector Store)

(Vector Maximum)

(Vector Threshold)

(Integer-to-Floating-Point Conversion)

(Floating-Point-to-Integer Conversion)

(Unconditional Jump)

(Conditional Jump)

(Call Subroutine)

(Return from Subroutine)

(Program Loop)

I I

t 1---- w---- 1-- 1-- 1--- T - 1 1 1 1 1 1 I
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VSP-325 INTERNAL MEMORY

RAM

64 complex words organized as either

* 64 complex words

* 2 x 32 complex words

COEFFICIENT LOOK-UP TABLE (CLUT)

- 1024 complex 32-bit fl, pt. coefficients for:
* FFTs

* Modulation/Demodulation

INSTRUCTION FIFO

- Stores 4 instructions internally

- Allows internal program looping
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VSP-325 INSTRUCTION SET

• 52 VECTOR-ORIENTED INSTRUCTIONS

FOUR CATEGORIES
m

m

M

m

Data movement

Registers
Arithmetic
Control

• UP TO 64K POINTS PER INSTRUCTION WITH 'REPEAT'

INSTRUCTION LOOPING

-- 16 lines for 1K-pt complex FFT

, _ _ f _ i I I I I I I I I I I I I
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VSP-325LOGICALPINOUT

84-PINPGA

SEM 1-10-A

ADDRESS,
DATA
BUSES

BUS
CONTROLi

l

i,=

<.

+5

VCC VSS

AO-A23

DBO-DB31

W_

D-_

RDY

STATUS

ZR34325

B_
R

BACK

INT

CLK

ICLK

RESET

II_ I DMACONTROL

INTERRUPT

'= f CLOCKS

_._" RESET
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VSP-325EXECUTIONUNIT
INTERNAL
DATA BUS

Re Im

3_ _2

I RAMi RAM
Section: Section

0 : I

3;_: '_

i MUX

Vector
Fifo

Wu)

Literal

(Instruction)

I..i 'ml
I .ux I

J, ,E-----
IEEE Floating- I

Point Multiplier i

G-Register File

I Coefficient

Look-Up
Table

(CLUT)

Min/Max|

veu.e
Reg,ster]

Min/Max_

Index

¢

#U

Floating-Point
Adder/

Subtractor

Floating-Point
Adder

MUX

S_.Reg T_Reg

Accumulators
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The versatility of digital
signal processing chips
Uxes for these architecturally modified microprocessors go all the way

from simple digitai filterin& to echo canceling

P4,,- -
oF Xuom ml

r4Lrt 

BLANK NOT FILMED

As more and more Iool-distsoce tek.phooe calls art
muted throulh saw•liana, echoes in coovu,mdons are
becominl INU'dcuiAdy troublesome Convcodomd
echo suppressors do not work wry mall on _tellJte
_rcuit_ which have IDol ptopapt/on dehyt. What
b needed is a sophisticated, adaptive approach to
echo cancellation. Bur until recendy such adaptive
filters wm't too larlt lad too tapensi_t for wide.
_rted mm Etch occupied s cabinet MJ of cixcuitry
ud cost utm of thousands of dollan.

lbcl_, _, tlutakstoe speciaJtypeof mi_owocessor tluu

e_%'utes dilPmJ signal processing (DSP), an mtapdve echo sup
pres, or can fit onto one sma_ circuit board.

Eliminating echom is just one of many applications for DSP
drcuiu, They are provial thdr _nb aJso in processing date in
_ux:h ttcognidon, rad_, medical imagiag, and speech compres-
don, to dt_ a ft_ tre_.

What _atct]y it a DSP chip? BasicaLly it is a microprocessor
_* hose architecture is optimized to process sampled data •t high
rates. It perfonm such operations as accumulating the sum of
multiple products much faster than an ordinm'_ microprocessor
ca_. ]u •r_hkec_ure is designed to exploit the repeddv_ nature
of signaJ proc_sing by pip¢llning the data flow for extra sps'ed.

"D>day the =ag_¢er who wanu to take advantage of DSP chips
can choose from an ev_._g variety of devices [see table],

But the choice requires caw.. Tbe proc_sor's thi'oughput, address
space, arithmetic precision, and benchmark performance must

be considered. Eng_nec_g support and the quality of harclware
and software developmem took ava_able for the chip art aLto
important.

Each step b the evaluation narrows the enlPneer's choice of
DSP cldps. In some cases onJy ode choice may remain. If there
are wveral, the enl_neer may turn to the oldest criterion of dif-
fertndadon: ovend] system cost.

As a suu-,Anl point for self.ion, DSP circuiu can be Ixouped
by function: len_-purpose chips and those tim are appllcation.

spedfic. The appllcadon-specific chips are designed to perform
ooe func_on more accunu_, fast_, or more cost-effec_ivedy than
llt'it geoetl-pm, pote co_u,.rparu. "l_ical examples are diliud
_lun's and Fourier transform chips. Some •pplication-sp_ific

chip, mt _It, but oaJy wid_ the coaf'me_ of the chip's
fuactJon; the coefficienu of • rtl_, for emunple, can be pro-
Stemmed.

DSP single-chip d,,cuiu can also b¢ ,_tegorized by precision
m)d by arithmetic types. Fbzd.point DSP chips art available with
i_, 24, trod 32 biu of precision. DSP chips have recendy been in-
r_,__duced with fulJ floating-point arithmetic capabilities. These

neacom='t-.opsa'ttin8 m instruction cyrJe times that match those
of their freed.point counterparts, bm with IPcatet precision--
IdJo_ the _ designer to jump dinectly from a software float-

Amnon Aiipha_ DSP A_ociatet

Joel A. Feldman Kurzweil Applied Intelligence

in|-poim simulation of the system maD a DSP im-
plementation, In this manner the often time-con-
sumin| and difficult step of conversion to fixed-
point mithmetic is _. FiGhting.point capabil-

ities open up a host of new applications, mostb in
infmite-impu1_ response rdters, where even fixed-

point processing, combined with judicious scaling,
cannot attain the required precision.

A Ir."yelement on a typie.._ DSP circuit [Fig. l]

i, a fast Im'ty multiplier and acct_uiator that *llo_s
a multiply.accumuhte operation to be executed in a single clock
eyrJe, at opposed to about 25 dock cyclesin a typical micropro-

cessor. The chips _ typically eaz'ry ImI,1_,but ve_. fast, caches

and memories to accommodate prolpl.m and data pip, lines.

In some applications, speed is less important man the accun_
i_ re_re_nting data and coefficients that chartcterize a digital
filter. With n_cunive, or infi,,dte.Lmpub¢ response, digital filters.

for _tmple--f'dters in which the outputs are fed back into the

computation of the nmt outpuu--round-off or truncation er-
rors can build up and hun the performance of the system _ith

the DSP filter. Sometimt_ the degradation introduced by rLxed-

point arithmetic eJUn be reduced with block floating-point seth.
Idques, wldch extemd the dynamic range of the fixed-poinl repre-
sentation by norm_g the data at appropriate stages in the
Idgorithm. The resulting etponent or shift-factor is saved and
restored at a later point.

Defining terms

Adthmetl¢-end4ogl¢ wilt: he, ware that berforms data opera.
lions such IS eddition, subtraction, incl logical ANDan0 o_.
I_atrel ahihee, ha_wem thet allows erbitrary shifting of Oat•
lit rs_rlsh •n addressing t_hnique in which the orOer of
bits in en address 18 mverled during a computation (such as
• feat Fourier trlnaform}.
Ilenchmerlc a ipe¢lfic.atlon that tells how well It producl does
I a_l¢lfied UUlk; Kklally, I benchmark simplifies a compar,son
of competing products by presenting a single piece of Oat•
that tells which producl is better for I givon application
Cache: I imall, fist memory positioned between I larger.
llOwer memory and I proces_oc the cache_ control maintains
block_ of data acfjacent to recently accessed data or instruc-
tions from the larger memory, thereby making access faster
than with the 1ergot memory •lont
Multlpllsr.ec©umulalor: hardware dedicatlKI to multiplyin G
numbem and adding the results; the wry fastunits aretypical.
ly Ibls to multiply two numberl end ado the procluct tO
prlvtOully accumulated results in I single clock porto0.
PIpellnlns: starting the execution of • new task before a
preceding one has been complatecL
Round-off and truncation noise: in digital signet processin G
noise introduced when the word length of the computation
exceeds that of the DSP chip and the extra bits are cliscerOec_
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[1] The features that raps! nrongly d_ingu_h rh_ generic digital

signat proces.ffng circuit from a leneral-purpo_e mieroproc_or

_r_ it_ mult_pli£r-accumulator and multiple buses and memories.

Iflll

T_e multiplier-accumulator can of;form a complete multiplica-

tion and addition in a single clock cycle, with the other circuitr) _

making sure that it does not waste time waiting for operands .

°
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'rm_ DSP chips tlutt mint efl'g_enUyimpiensentbkx:k floating.
Ipeinttm:hniqumImvehsm_ _lsihm Qd cir_u thin detect the
Ipm=ma:gof mtponmm_ Smmafiou m_m_Jc hardware is another
wiry to Bet around the limitations of 15um:l.polmtL,'ithmetic The
Imtdwat¢ automatically clamps a number that would otherwise
_. While this t_hnJque Iglds mt_tmdesin_ie nonlinearity
to the _ it b necessarywhen the dy_umc range of the
dgmtis is not weli mntroUed.

C_eckin& architectural feglures
Of tbe variom archJtetm_ fmcmm thm f_fmt_h DSP ch_p_

one of the mcm imporuun is the multiplier-accumulator. More
than any other gknment, it distinguishes the DSP circuit from the
I_am_-purpox micmixxx:euor.

A typical fi_d.point multiplier-accumulator performs s
16-by-16-bit multiplicatioo, and the 32-bit I_duct b added to
a 32.bitac_tmtdaux _-l_m ina sm#e _ eye. A_ aiter-
Itafive deep tu_ k, pamtt ekmenu for multiplication and ad-
dition, m in the m_tT"r_Am_d_xrrr2_ di_ _ pmossors.
made by N'EC ]_ctronJcs Inc., in Mountain View, Calif. This
approach allows the eystm_ designer to fine-tune the p_r
for a specific application by COntrolling the software pipelining
of the multiplication and addition operations. In this way a mul-
tiplication step in one COmputation and an addition step in
another can be done at the same time. Of COun¢, tim aho COm-
pficatas the pro_. In either m_"hhectur¢--a single mul.
tiplier-arxumulator or wparate elemenu--a DSP chip can per-
form an entire multiply-accumulale operation in a sin_e clock
t'_p:le.

The humbert tre imwe_w. A ]6-by-16-bit multiptication on
theWEDSPI6, made byAT&T BeLlLaboratories, Murray HiLl,
N.J., requires just _ nanoseconds, or a single clock cycle. By con-
u'ast, sm'iaUy executed multiplication by the MC6_20 generaJ.
pro'pose mk_roproosssor, made by Motorola Inc., Phoenix, Arb..,
takes IS00 at, or 25 dock cymes of this panicul_ micmprocm_r.

MuP..ipk bu_ and memorim _ affec_ _oughput. A typical
digiud signal Wocess_ has two dam memories and two dam buses.
With them it can deliver two opemnds required for a single-cycle
_tecution of the multiply-accumulate function. Unlike general-
purpose microprocessors, which _ore both instructions and data
im the tame memory, most DSP procmsors employ the so-c_ed

architecture, with _u'ate program and data memories
_o that inr_uction and data can be fetched sim_usly. Many
g_P _dl_ go I _ funh_, employing I modified Harvard arch/.
toctur_ to _llow storage of dam in the program memory. In this
way,static dam like filter coefficae_u can be storedi. thecheaper,
slower program memory and then be moved to the faster but
smalJer data memory when needed.

T'nen_are a variety of ways to e_hsnce the system's throughput
by increasing the rate of data access (memory bandwidth). This
b usually accomplished through multiple memories and corre-
sponding buses. Sever_ DSP chips lur._ dual iat_nal dam memo-

as lq_fl m access to an _cternal data memory. "i_picaUy, the
Imam-halmemories contain I28 to $]216-bit _ords-.-_equate for
many I_P tml_ Other DSP circuits have mechan_ms for fetch-

im;tructiom from an internal program RAM, theneby freeing
an cmu-naJbus for an additionaldataaccess.In the ADSP2100
from Analog Devices ]nc., Norwood, Mass., for _a.mple. this is
achieved with a ]&word prolwe-mcachethat alJows two extra'teal
dam accesses in a tingle of..le.

Another DSP chip, the TMS320C25 from Tens Instruments
in Houston. has a repeat facility, by which t sinlle _m'uc-

tion caa bet_x_ated a specked number of t_es with onlya
ktch flora the sternal program memory. Again, when code b
running interred]y, an external bus that b otherwise dedicated
to accessing _cternaJ code b free to acosss data. The design of
the developments} TlvlS320C30 from Texaslnstrumenu _ for
a 64.-word program cache. It also includes a direct memory ac-

arrangement on the integrated _ which mmsfm blocks
of data from an _temal memory into the DSP chip's memory

ia parallel with the operation of the DSP chip's arithmetic-and-
logic unit.

For many of these architectural features, the disadvantage is
that the DSP progrmnmer, unlikz the programmer of a general.

microprocmsor, must gJw easeful attention to the sl,e
and location of the data arrays and code loops.

Another approach to boosting throughput draws on e_terna_
prognun and data memories that are fast enough to suppl) in-
_.ru_t_ons and operands in a single cycle. However, this requires
Static RAMs witha m/n/mum capacityof ]6 384 to65 ._36bits
and minimum cycle time of 25 m 70 nt. By way of comparison.
genertl-purpor, e microprocesson typicaUy u_ dynamic RAMs
withcapa_ties of 262 144 biu to I megabit and extemaJ program
and datamemory cyck times of 250 to 300 ns. While the 10-mega-
hertz 68000 microprocessor from Motorola req_/res eight to 14
cycles (SO0to 1400ns) to access itsmemory, most DSP chips can

talernal memories within their cycle time--typically 100
to 200 ns. The tradcoff b that these fast static RAJVlsare s_ to

trine times costlier than dymumc RAMs on a bit-for-bit basis.
Some DSP applications like image processing require data

memories that can handle more than 64 000 words of address
space. At least one DSP circuit under development--the
TMS320C30 of Tex_ hmruments--b _apected to store and ac-
o_s up to 16 million 32-bit words and program words.

Most state-of-the-art DSP chips pr_de an acknov, ledge signal
after addressing. The processor waits for this signa_ before pro-
ot_ding. By takinJ advantage of thi_ the system designer can trade
off system performance and cost by using slower, less expensive
memories. For instanc_ to run at furl speed, the TMS320C25 re-
quires fast, 2$-ns v.atic KAMs. If instead a wait state is inserted,
slower, 70-ns static RAMs can be used, thereby reducing the
memory cost by as much as 50 percent. In some cases, the use
of internal program cache and data memories can compensate
for the loss of performance dueto these slo_ exte_a] memories

the ack.n_kdge fine permits memories and peripheralswith
different access times to be mixed within the tame address space.

A DSP chip architecture is _ typified I_' separate trithmeti¢.
tmd-loi_c units for data arithmetic and for address arithmetic
Sincemany of the instructions o.e_uted in DSP algorithms emplo}
the data a.qthme_c-and-logic unit, the throughput rises subscan-
tialb when a second unit b added to perform address ca/cula-
Lions When the address and data c_lculations are spL: between
arithmetic.and.logic umt_ each unit's architecture _ be opti-
mized for the task at hand For _ple, arithmetic-and.logic
units for diets COntain multiply-_ulate struftw_ and featuJ_s
such as saturation arithmetic and rounding,while the arcl_itec-
ture of address_-ithmet.ic-and-lo_c unitsist_lored for suchtasks
as indexing and automatic address modification, as well as
modulo arithmetic, which allows the address generator to
automaticaJly recognize the begim_ingand end of a data block
within memory. Address arithmetic-and-iolpc units sometimes
perform bit-reversal, which is used by the fast Fourier transform
_Igorithm.

Development of a OSP algorithm generally suuls with a
floating-point simulation of satisfactory performance. Then a
fixed.point implementation is sought--one that is efficient and

no ili effects on the Idgorithm's performance. This step is
muaUy time-consuming and difficult.

For this reason, m-,,y systems designers welcome the ap-
pearance of genet'al-purpo_ DSP chips that can perform full
floating-point calculations. Among them are the 2&bit MSM
6992, made by Oki Electric Industry Co., Tokyo: the 32-bit
_pd77230, from NI_ Elocu'onim;and the 32-bit WEDSP32 from
AT&T Bell Laboratories. The latest member of the Texas ln-
Itr'uutnentsTMS320 DSP family--the TMS320C30--b also based
on a 32-bit floating.point format.

Although these processonrequ_ large die sizes and high tran.
Idstor COunts, they achlev_ instruction cycle times as fast as some
of their fixed-point counterparu. Most alsohave fLxed-point
arithmetic-and-logic units that are especially useful for address

d_ _ SPEc'rltL.,M _ itlg?
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czlcu/afion in pandlel with floadn|-poim data cslculafioes. No
standard floatin|-point format is used by _m processon;
ho_'_., mo_ Iwve insu'uc_ for fomuu _on W and horn
zheIEEE 32.bit standard.

An:bJ_-_uraJ variations appear in DSP _'uits thin sine_
for kish-volumc, low-cost appllcatiom such _ speech synthesis
in consumer products. For instance, many DSP circuits ire
available in versions that have _m intern_ projpzm and data ltOM
in place of an cx',ern_ RAM. The sdv_mtaZes are a _ pin count
andmorneconoaficalpackql_ll. Conceptually _ m it-acrid-

purpose mJcroconvoUers, such bil_volume DSP chips reduce
the system cost by _b_evm8 hil;ber leveb of fun_onsl intesra-
finn. Toward tl_ end, they |¢nerz/]y include speciaJinterfaces
Io seriaJ devices, l;ke ana]o$.to.<Uipud conveners, as well as such
speci-Lfuncdonunitsastimers.

Sin&/e- and multiproce_or operation
DSP C_'uLiLsC_ bein_,_lted into a syst_o in _ major con.

filumdons: sumd-aJone, slave.,and mul_/processor. The mos_
economicaJcoofilpaxat/onb usually thesUmd-LlOne,found most
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often in Idlh-voim¢, Io*..¢mt applications [Fig. 2A]. Since the

DSP chip does indeed stand alone in this case, • fairly sophisti-
_u_d, programmable unit is required.

the slave configuration, the DSP chip acts as • peripheral
to a lenend-purpose microprocessor [Fig. 2B]. In this case the
mona time-consuming sad rep_tivc processing is left to the DSP
chip, while the control and communications utsks are taken care
of by the |enend.purpose processor. This architeaure is par-

bcularly welJ.suhed for applicadon-sl_ific DSP circuRs. Typical
applications include speech recognition and muJtichanne] pro-
erasing.

The highest DSP performance is achieved in the multiprocess-

lag configuration. Such an arnmgement would be appropriate
for • phased-array radar system, in wl_ch the tasks are distributed
among multiple processors.

For genend-p_ DSP chips, muJdprocessing is usua£y han-
dled by m leasttwo processors that send and receive control in-
formation over communication links [Fig. 2C']. The processors

also share data from a single memory by means of access arbitra-
tion iozic

in a typical muldprocessing configuration of application-
specific DSP chips, several dozen processors in one- or t_o-
dimensional arrays [Fig. 2D] perform wry repetitive tasks, like
filtering, convolution, and correlation.

Beware the benchmarks

In comparing the benchmark performance figures supplied by
various DSP manufacturers, pa.,'uculau care is adds•bit Ke_.+que._-
*.ions must be saswered before making such • comparison. For
_mple, how welldid theprogrammers inthedifferentcomparues

optimize the benchmark code? Does the system design call for
In on- or off-chlp memory? A product offered by Company A
may output the fastFouriertransform data inbit-reversedorder,

while Company B's chipmay not.A timing comparison between
the two would therefore be meaningless.

The engineer who w_ll use the chipsshould examine the bench-
mark software in detail. The extra effort up front ma) well pre-
vent rome nasty surprises later.

A benchmark describesthe performance of a chip under ve_

specificconditions,and ifthereiseven a slightshiftinthose con-

ditions,the performtnce may change drastically.For example.

if• chip has a 12g-word internal data memory, it may turn in an
impressive performance when henchmarked with • 64-complex
point fasl Fourier transform. A 128-complex point transform.
however, would require that external memory be addressed, and
performance may suffer. .

In choosing a DSP chip, the availability of engineering sup-
port is a criticaJ faaor for engineers whose primal' expertise is

not digital signal processing. If the engineer who uses the DSP

[2] DSP chips am empio._,d in thr_ main configuro-
tionx" stand-alone slave and multiproct,_or. The

lland.alon¢ coqfilumtion [,4], which uses primari.
ly the serial porls of the DSP chip is typically found
in low.¢t_rt application¢ such m speech Jrynth_ts for

eonsumer producu. In the slave co_|uration" the

DSP chip operates under the control of a "host"
fencing-purposemicroprocassor [B]. The Move setup

is typical in applications that require a fair amount

of support processinl--sl_e¢ch mcolnition, for in.

stance. For the hi&h_t !¢v¢1 of performance, as in

high-throulhput filterin& convolution, and correla.

tion, DSP chips am coroq&ured as multiproaessors. _ _.

For example, a small number of DSP chip_ may

communicate control irO'ormation over hilh.speed

serial links [CJ, to minimize the circuit's pin count.

The muhiproaessin& approach may also involve v,_'_,_7,,,

dozens of proaessor_ set up in an array [DJ.

tr_F s_mc"r_um +u_ ,.-



chip lacks such z_pertise, the chip manuf_ should be able
to ddiver it. Some numufacturen publish appScation notes Monj;
with DSP rtmtin¢ libraries for specific applimtions SUchas fstt
Fourier transforms and finite-dun••ion impulse rwl_nse f'dters.

In _ down the choices, me typi_ engineer should ,ha
ask what dew:lopment tools the chip maker offers. As with
eagineeri_ support, development mob are often oveflooimd,
while tedmimI performan_ and price m_emiv,ak_y liven the
Irion'lshare of •nention. Development took can play a major role
inmeedinS• producttosum'k_bymduc_t thedesigntime,
simplifying the debullgin I process" and helping to train the
engineer who is unfamiliar with DSP chips.

On abe lmrdware side. such tools include development bomb.
]By working with| ruby functional development board, the
engineer can re•mine the DSP chip in openuion, learn atom tim-
ing, and obser_ the processor's interaction with the board's
periphend _rcuitry.

At the point of hardware4oftware intzj_tion, the wMlabili-
t7 ofin.¢_:uit anulafion is just as impommt for DSP chip debug-
flinJI as h b for |eneml-purpose micaoproeessors. Most DSP
manufacturen offer in.circ_t emu_don systemsm pfioet nmg-

from SSO00to $15 000. Hardware development support for
mine of the more established DSP circuits like the _ In.
t_'umenu TMS32010 is also available from third-lutny totm_es
suchasHewk.tl.PackardCa inCorva_ Ore.and Tektmni_Inc.
inIkaverton,Ore.

Soflwt,e developmenttoolsincludeassemblersfor coding
algorithms,and simulatorsforcheckingthatthealgorithmswork
correctlybeforetheyzrecommittedtotheutrl;elsystem.High-
level language compilers are becoming available for mine DSP
chips. C-compBers are available from third-party vendors for the
"kxas Instruments TMS32010 and the TMS32020 and the Analog
Devices ADSP-2100, and Texas Instruments is alto developing
• C-compiler for ks upcoming TM$320C30. A.uemblers deal with
devior-specific instruction sets;developing code with high.level
compilers, bowev_, paves the way for traasponable DSP chip
application tar•wire. The use of hig_-level lazqp.mleS for pal
tiom of code that are not time-critical can shorten the develop-
ment time. enha_or the software reliability, and simplify the
debugging process.

The pickings may be lean
The selection of• DSP circuit may be complicated in that the

product is available from o_y a single mtnufaaurer. Very few
secondary manufaaurers are making DSP chips under lic_se
from major terniconduaor manufacturers, and so far the US.
Department of Defense hascertified only a limited number of
de¢ices under m_ta.,'y specifications.

"klecommunkations will continuew be the dominant applies-
area, given the widening •cot, prance of the Integrated Ser-

vioes Digital Network 0SDN'). In other areas, computer-aided
design and engineering,numeric proc_ssin$,speech and imtle
_, instrumentation, and digital audioand television will
also contribute to the increa.u_ use of DSP chips.

_q'tain _rchiteetur_ features of DSP circuiu the likely to
change. Wh/3e today's DSP chips typically address 64 000 words
of externaI dam or program memor); thb ca;_ty h bound to
_pand to meet dcnumds in areas such as im_e proomd_. Thz
combination of faster cycle times and larger ecternal memories
leads to the n:qulmnent of ectemal memory with a higher band-
width in ne_tqlenenttion DSP-based system_ In a new genera-
tion of CMOS dynamic RAM_ a t'tatic colunm mode of opmldon
8allow• scoess to data within a $12-wmd block 8x the speed of the
more expausivz smdc RAMs--at onlyone-six_ the price.

Flatting-point capability in DSP chips will bypass the often
difficult step of converting floating-point simulations to fixed.
point implmx, madom, making wsy for algorithn_ that were cooe
practical only in research and development or in areas where
relatively hi_ costs could be tolerated.

As DSP circuits become more powerful, applications will

_m J _2"m w._ma7 _ ttimu_ .i,_ pmmm_ I

tmootmmore mm#_ demandin, higher-levellangm_. I-ti#_
k,vet, of intet_tion &rtIflmly to r_t in the svailabLUryof earSer
DSP chips as "standard cells" for semictmom IC design. High.
volume men wilJ then be able to reduoe systems corn further
by developing a temicustom iC tim• is based on a "core" DSP
chip, with digital and mudog functions of their own choosing.
Mmm_aik m'vuas in gemnd-lmrlx_ m__--faswr
multiplication, for e_mpk--wili spur amigration of these units
into tb¢ DSP area.

To probe further
Articles ou digiud _ pn_es,ors from Texas Instruments

fTMS320C28), Motorola (DSP$6000), Analog Devices
(ADSP-2100) ,rid NI_ (_pdT7230) c,n be found in the De:ember
19S6 _gital sigald Woceuix_ issue of IF.F._ Mk-m magazine.
Other recommended articles m_e:"Computer Architecture for
Dil_lJ Sigaal Prooe_a_," by J. A1k_, Ph_¢_edin_ of the lF.E_,
_oL '73, Nc_ 5, pp. 882-$'73, and "New Applications of Digital
Sigmd Prooming in Communications," by M.Belhmger,/FEE
A.5.SP Moralist, July 1956, pp. 6-11.

A good refmmoe it the book .f_nalPm¢_aor CMps, by David
Quarmby, Prentice-Hail,Engi_ O.iffK N.J., 1984.

Additional information may be found in notes from seminars
entitled "Digital Signal Processors," available from DSP
Associates, 18 Puegrine ltd., Newton, Mass. 02159.

Applications of digit_ signal procestors along with tutorial
information are the subject of appllcations notes Itva_ble from
most manufacturers.

Repre_mtion of numbers in 32-bit arithme_cis addressed
in ANSI/LE_E Standard 754, 19_$, |ratified "IEF..Estandard for
binary fload_-point arithmetic."

E_ho mn_.l_ with •digi_signalpwcming chip b adctmm_
in thearticle "Di#ufi voice echo m.nc¢ller with aTMS32020,"
by David G. Mestersehmitt, David Hedberg, Chrmopher Cole.
Amine Hanotti, and Peter WinsMl_ IPlg41_-Y7of the book Digital
Signal Proce_inf Application_ with the TM$320 Family,
available from Texas lmtrumenu Inc. in Houston, Texas.

Adaptive fiherin$ is discussed in Adaptive Filters by M.L
Honi$ and D.G. Messergh_tt, Kluwer Actden_c Publishers,
Boston, MJm., 1954.

Adaptive digital signal processing is addressed in Adaptiw
•_g_l Proce_'_g, by Bernard Widrc_'and Samuel D. Stearns,
Prendc_ Hall, Engiewood Cliffs, NJ., 198_.

Echo _ techniques ,re addressed in the paper "An adap.
tire e_ho canodler," by M. $ondhi, kll $ynems Tt,¢hni_l Jour.
hal, Vol. 46, Match 1967, pp. 497-$11.
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